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Halting the fast decrease of global biodiversity has become the major challenge 
facing conservation biologists today. Populations of numerous species are 
suffering significant declines or have even gone to extinction, mainly as a con-
sequence of human-induced habitat destruction and fragmentation (e.g. 
Diamond et al 1989; Sala et al 2000; Tscharntke et al 2002; Fahrig 2003; Van 
Dyck et al 2009; Butchart et al 2010). Moreover, unambiguous evidence on 
adverse effects of climate change is rapidly accumulating (e.g. Dillon et al 
2010; Doak & Morris 2010; Pereira et al 2010; Beaumont et al 2011; Parmesan 
et al 2011), with most major groups of organisms being affected (e.g. Dirzo & 
Raven 2003; Parmesan 2006; Hunter et al 2010; Bellard et al 2012; Tseng et al 
2018).  
Protection of habitats alone is often insufficient to prevent ongoing declines 
and extinctions (e.g. Thomas et al 2009; Hallmann et al 2017). Long-term 
survival of populations may require knowledgeable management in focal 
habitats (e.g. Bergman 2002; Thomas et al 2009; Rosin et al 2011; Weiss et al 
2013; Bubova et al 2015; Kelly et al 2015; Ma et al 2017). Nevertheless, 
caution must be taken while planning and implementing conservation strategies 
as species and populations may respond differently to environmental changes. 
Profound understanding of species’ ecology, evolution and life-histories is 
therefore vital in developing successful conservation strategies. Indeed, funda-
mental life-history differences may exist among closely related species (e.g. 
Gutierrez et al 2001; Wahlberg et al 2002; Wang et al 2004; Kőrösi et al 2012) 
and even among distinct populations of the same species (Schtickzelle et al 
2006; Sielezniew et al 2010a, 2010b, 2010c; Tartally et al 2014). Ignoring such 
ecological variation could easily lead to erroneous understanding of species 
habitat requirements and hamper their successful conservation (e.g. Thomas 
1980; New et al 1995; Pullin 1996). Accordingly, not rare are the cases when 
population declines have resulted from inappropriate management of otherwise 
healthy habitats (Balmer & Erhardt 2000; Waring 2001; Konvička et al 2008).  
Narrowly specialized species engaged in complex interactions with other 
species are expected to be particularly vulnerable to environmental changes 
(e.g. Warren et al 2001; Filz & Schmitt 2015). Habitat degradation may affect 
such species either by impacting their habitat requirements directly, or dis-
rupting their interspecific interactions (Munday 2004; Stefanescu et al 2011; 
Edwards et al 2013). Moreover, conservation of such species can be further 
complicated by often considerable geographic variation in their ecology and 
habitat use (e.g. Thomas et al 1999; Sielezniew & Stankiewicz 2008; Casacci et 
al 2011). Accounting for region-specific ecological requirements is therefore 
essential for successful conservation management, but is also valuable for 
understanding species’ biogeography and evolutionary ecology (e.g. Settele et 
al 2005). 
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Peripheral populations deserve special attention as they hold key insights 
into the limits of realized niches (Holt & Keitt 2005; Bahn et al 2006). For 
example, the northern distribution limits of many herbivorous insect species 
have been shown to be primarily determined by temperature rather than host 
plant distribution (Virtanen & Neuvonen 1999; Mattila et al 2011). This means 
that populations at their northern range margins are likely to face climatic 
conditions that are more restrictive for their growth and development than 
conditions in more central populations of their distribution range. Accordingly, 
populations close to range margins are often genetically and ecologically 
divergent from central populations, and may therefore be valuable for sustaining 
evolutionary potential of species (Lesica & Allendorf 1995; Cassel-Lundhagen 
et al 2009; Hill et al 2011; Moritz et al 2012; Osborne et al 2012; Krehenwinkel 
& Tautz 2013; Bridle et al 2014; Therry et al 2014). Higher specificity in host 
use towards species distribution margins is one example of how peripheral 
populations have been proposed to differ from core populations (e.g. Martin & 
Pullins 2004; Schmidt & Hughes 2006). 
Insects are expected to suffer severely under the ongoing crisis of bio-
diversity (e.g. New 1995; Schultz & Chang 1998; Pimm & Raven 2000; van 
Swaay et al 2012; Fox et al 2014; Ollerton et al 2014; Woodcock et al 2016). 
Indeed, catastrophic losses in insect abundances have even been documented in 
well protected areas (Hallmann et al 2017). Moreover, considering that less than 
one million insect species have been described out of 5 million estimated to 
exist (e.g. Gaston 1991; Stork et al 2015), it is more than likely that many 
species go extinct without ever being even named or described (Samways 
2007). The situation is most unfortunate as insects play fundamental role in 
ecosystems and provide essential ecological services, such as pollination (e.g. 
Öckinger & Smith 2007; Ollerton et al 2011), wildlife nutrition (e.g. Losey & 
Vaughan 2006), herbivory and detritivory (e.g. Belovsky & Slade 2000; 
Macadam & Stockan 2015), nutrient cycling (e.g. Yang & Gratton 2014) and 
pest control (e.g. Ridsdill-Smith & Matthiessen 1988) from which other orga-
nisms, humans included, are vitally dependent on. Preserving insect abundance 
and diversity thus should be a prime conservation priority. 
Among insects, butterflies (Lepidoptera, Papilionoidea) are the most tho-
roughly studied taxonomic group (e.g. Boggs et al 2003; Bonebrake et al 2010). 
Indeed, for more than a century, research on butterflies has immensely contri-
buted to development of biogeography (e.g. Wallace 1865), ecology (e.g. Fisher 
et al 1943; Hanski & Thomas 1994; Gotthard 2000), evolution (e.g. Singer 
1983; Janz et al 1994; Pierce et al 2002), conservation (e.g. Maes & Van Dyck 
2005; Thomas 2005; Thomas et al 2009), climate change (e.g. DeVictor et al 
2012) and other disciplines (e.g. Als et al 2004; Nishikawa et al 2013; Guerra et 
al 2014; Siddique et al 2017). Nevertheless, even for butterflies, available data 
are geographically highly unevenly distributed (e.g. Bonebrake et al 2010; 
Winfree et al 2011; Fardila et al 2017) and notable gaps in our understanding 
concerning their life-histories, ecology, and conservation still exist (e.g. Pierce 
9 
et al 2002; Bonebrake et al 2010; Kodandaramaiah 2011; Merrill et al 2011; 
Seymoure 2018). 
In fact, butterflies, as insects in general, appear to suffer substantially from 
adverse effects of environmental changes (e.g. Thomas 1991; Thomas et al 
2004; Dunn 2005; van Swaay et al 2006; Fox et al 2010). In particular, due to 
their short life span, high sensitivity to environmental conditions, and often 
specific habitat requirements, butterflies react to changes in habitat quality and 
climate more rapidly than e.g. plants or vertebrates (Erhardt & Thomas 1991; 
Thomas et al 2004; DeVictor et al 2012; Rowe et al 2015). Moreover, a high 
share of butterflies is associated with semi-natural open landscapes (Wikström 
et al 2009; van Swaay & Warren 2006), habitats that have experienced vast 
declines in distribution and area in recent history (e.g. Pullin 1995; van Swaay 
& Warren 1999; Poschold et al 2005; Helm et al 2006; Brereton et al 2008; 
Kadlec et al 2010). Consequently, as much as one third of European butterfly 
species have been assessed to be currently declining (Van Swaay et al 2010). 
Lycaenidae is the second-largest family of butterflies, constituting about one 
third of their overall diversity (de Jong et al 1996; Ackery et al 1999). Despite 
being the subject of wide scientific attention due to their conservation status 
(e.g. Thomas et al 2009), but also for their striking behavioural and ecological 
diversity, detailed life histories are available for less than a quarter of lycaenid 
species (Pierce et al 2002). However, as much as 75% of all lycaenids with 
sufficiently known life histories are myrmecophilous (i.e. associate with ants) at 
least in the larval stage – a phenomenon that among lepidopterans is almost 
exclusively restricted to the representatives of this family (Fiedler 1991a; Pierce 
et al 2002). The degree of myrmecophily in Lycaenidae ranges from loose 
facultative interactions in which larvae are occasionally tended by ants to 
complex obligate associations in which ant attendance is crucial for the butter-
flies’ survival (Ballmer & Pratt 1992; Fiedler 1991a; Pierce et al 2002; Fiedler 
2006). The fundamental nature of these associations is that caterpillars provide 
ants with sugar-rich secretions in exchange for vital protection against predators 
and parasitoids (Cotrell 1984; Pierce et al 1987; Jordano et al 1992; Thomas et 
al 1999). Most species of myrmecophilous lycaenids are generalist herbivores, 
but may also be related in facultative associations with ants throughout their 
larval and pupal period (e.g. Atsatt 1981; Fiedler 1991b). There also exist 
examples of generalist herbivores that are in obligate mutualistic relationships 
with specific host ants (e.g. species belonging to the genus Plebejus). However, 
a small number of lycaenids, such as species belonging to the genus Phengaris, 
are mono- or oligophagous herbivores in the early larval life, but become 
obligatory parasites or predators of specific host ants in late larval instars (e.g. 
Thomas et al 1989; Fiedler 1991a, 2006). Specific interactions with ants are a 
key factor to consider for successful conservation of obligately myrmecophilous 
species and their populations (Elmes et al 1998; Als et al 2004, Thomas et al 
2009; Filz & Schmitt 2015). Furthermore, such ecological diversity and 
uniqueness makes lycaenids particularly amenable for comparative studies of 
life history evolution (Pierce et al 2002). 
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The present thesis examines biotic interactions and habitat requirements in 
two genera of obligately myrmecophilous Palearctic lycaenid butterflies – 
Phengaris Doherty 1891 (I, II, III) and Plebejus Kluk 1780 (IV). The thesis 
expands the knowledge of geographic variation in habitat requirements and 
habitat use in highly vulnerable parasitic Phengaris butterflies to the popu-
lations at (P. alcon) or close (P. arion) to the northern distribution margin of 
these species. Special attention is given to the composition of regional Myrmica 
fauna and host ant use. The thesis also aims to concurrently assess the distri-
bution patterns in two species of Plebejus butterflies (P. argus and P. idas), the 
obligate mutualists of ants. In this case, the focus is on ascertaining the possible 
role of ant-mediated interactions in driving distribution patterns in these 
obligately myrmecophilous butterflies.  
The dissertation is based on four empirical studies that can be divided into 
three distinct parts: 
 
(1) Habitat occupancy and host ant use in Phengaris arion (I). Patch 
occupancy in P. arion was investigated in relation to a number of biotic and 
abiotic environmental characteristics. As a novel aspect for this type of studies, 
the effect of dragonfly predation (Odonata, Anisoptera), a factor that has 
recently been shown to have a strong impact on patch occupancy patterns of 
various butterflies, was assessed (Sang & Teder 2011; Tiitsaar et al 2013). The 
local Myrmica fauna and host ant use of P. arion were described for the first 
time in the region. The study was conducted in seminatural calcareous grass-
lands in Saaremaa and Muhu, two Baltic Sea islands that host some of the 
relatively few viable P. arion populations in the region. 
 
(2) Host ant use and oviposition patterns in Phengaris alcon (II, III). Host 
ant specificity of P. alcon as well as the diversity and abundance of local 
Myrmica species were addressed (II). As a novel aspect, potential effect of non-
host ant species (Lasius spp. in particular), sharing the habitat with Myrmica, on 
host ant availability in P. alcon was examined (II). To ascertain the main drivers 
of host plant use for oviposition in P. alcon populations, the relative importance 
of various host plant related factors potentially affecting butterfly’s selection of 
particular oviposition sites were evaluated (III). Studies were conducted in 
Northern Estonia, the northernmost populations known for this endangered 
species (II, III). 
 
(3) Habitat use and distribution in Plebejus argus and P. idas (IV). Distri-
bution patterns and habitat use of P. argus and P. idas in their North European 
populations were investigated. The primary goal of the study was to assess the 
extent these closely related butterflies, associated with different host ant 
species, share their habitat and whether their relative occurrence patterns could 
be explained by habitat use of their ant mutualists.  
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2. MATERIALS AND METHODS 
2.1. Study species and background 
2.1.1. Phengaris species 
Myrmecophilous butterflies from the Palearctic genus Phengaris (senior synonym 
of Maculinea Van Eecke 1915; Fric et al 2007; Fig. 1, 2) represent an extreme 
example of diet specialization as they require two resources to be present 
simultaneously: (1) a specific larval food plant (Fig. 1b, 2b), and (2) a suitable 
host ant (e.g. Clarke et al 1998; Meyer-Hozak 2000; Fig. 1d, 2d). In particular, 
the first three larval instars are (functionally) mono- or oligophagous 
developing on flowers and seeds of their host plant. In their fourth (final) instar 
(Fig. 1c), however, larvae are “adopted” and carried by the worker ants from the 
genus Myrmica Latreille 1804 to their nests, where for the next 10 or 22 months 
(in the case of biennial development; Thomas et al 1998; Schönrogge et al 
2000) the caterpillars continue to live as obligate parasites (Thomas et al 1989; 
Elmes et al 2001). While the caterpillars of some species (e.g. P. alcon; Fig. 2) 
are directly fed by the worker ants with their regurgitations, trophic eggs and 
dead prey, others (e.g. P. arion; Fig. 1) predate on ant brood (Thomas & 
Wardlaw 1992). The adoption rate of Phengaris larvae by worker ants has not 
been shown to notably differ between Myrmica species (Elmes et al 1991; 
Thomas 2002; Schönrogge et al 2004). However, the survival of caterpillars 
inside the nests of different ant species has been considered to differ to the 
extent where each Phengaris species has been considered to have only one or a 
few suitable Myrmica hosts (Thomas et al 1989; Elmes et al 1991; Akino et al 
1999; Elmes et al 2004, but see Pech et al 2007). 
 
Fig. 1. Phengaris arion. A) an adult female on Origanum vulgare, B) a female 
ovipositing on Thymus serpyllum, C) a prepupal caterpillar (4th instar), D) a Myrmica 





Fig. 2. Phengaris alcon. A) an adult female, B) a female ovipositing on flowers of 
Gentiana cruciata, C) eggs on G. cruciata leaves, D) a Myrmica schencki worker 
tending for P. alcon pupae. © Margus Vilbas. 
 
Since mid-twentieth century the abundance of all Phengaris species has 
significantly declined throughout Europe (Wynhoff 1998). These butterflies 
have even disappeared from many habitats seemingly suitable for them (Clarke 
et al 1997). Inadequate understanding of the causes of these declines made the 
early conservation attempts of Phengaris species unsuccessful (Thomas et al 
2009). A strong population decline followed by the extinction of P. arion in 
England launched extensive studies on the species (Thomas et al 2009). 
However, it also brought wide scientific attention to other representatives of the 
genus (e.g. Thomas et al 1989; Steiner et al 2003; Nowicki et al 2005; Tartally 
et al 2014). As a result, Phengaris species are some of the most thoroughly 
studied butterflies, and have become ‘flagships’ of European biodiversity 
conservation (Thomas & Settele 2004). Nevertheless, despite a high concern, 
numerous populations all over Europe have experienced severe declines, 
especially in the northern part of the species range (Wynhoff 1998). As a 
response, the European status of P. arion has been changed from ‘near 
threatened’ to ‘endangered’ (Van Swaay & Warren 1999; Van Swaay et al 
2010). Other European species are either ‘near threatened’ (P. alcon, P. nau-
sithous) or ‘vulnerable’ (P. teleius) (Van Swaay et al 2010). P. arion is also 
included in the Annex II of the Habitats Directive of the European Union 
(Council Directive 92/43/EEC, 1992).  
Recent studies conducted in Central (e.g. Steiner et al 2003, 2006; 
Sielezniew et al 2010a, 2010b, 2010c; Tartally et al 2014) and Southern Europe 
(e.g. Casacci et al 2011; Patricelli et al 2011) have significantly expanded and 
partly altered the early understanding of habitat use and host ant preference in 
Phengaris butterflies derived from Western Europe (e.g. Thomas et al 1989). In 
particular, host plant and host ant use have both been found to be much more 
diverse than initially thought. For example, it has been shown in Poland that 
P. arion may successfully develop on as many as seven different Myrmica 
species, and thus does not depend solely on M. sabuleti, the primary host ant in 
Western Europe (Sielezniew & Stankiewicz 2008; Sielezniew et al 2010a, 
2010b, 2010c). Similarly, in earlier studies on host specificity of P. alcon, its 
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hygrophilous (P. alcon s. str.; see Pech et al 2004; Bereczki et al 2005, 2006; 
Steiner et al 2006) and xerophilous ecotype (P. rebeli auct. Nec Hirschke; 
P. alcon X hereafter; see Als et al 2004; Pecsenye et al 2007; Tartally et al 
2014) have been shown to specialize on Myrmica ruginodis and M. schencki, 
respectively (Thomas et al 1989). More recent studies, however, have changed 
this view showing that both ecotypes can successfully exploit quite a number of 
different Myrmica species (e.g. Elmes et al 1998; Meyer-Hozak 2000; Steiner et 
al 2003; Arnaldo et al 2011; Casacci et al 2011; Czekes et al 2014).  
Nevertheless, findings of multiple host ant use are predominantly confined 
to Central Europe (e.g. Tartally et al 2008; Witek et al 2008; Sielezniew et al 
2010c; Tartally et al 2017). In different parts of the range (particularly in 
periphery), Phengaris butterflies display narrower host specialization, involving 
specific physiological adaptations to different hosts (e.g. Thomas et al 2013). 
As ecological requirements of different plant and ant species vary to a 
considerable extent (Thomas et al 1998; Sielezniew et al 2010c; Casacci et al 
2011; Patricelli et al 2011), this necessarily also entails differences in other 
aspects of habitat use in Phengaris butterflies. Creating successful conservation 
of the species in a particular region thus cannot be based solely on the species’ 
life history and habitat preference data obtained from geographically distant 
populations. 
In Estonia, two species of Phengaris are known to be present – P. arion 
(Fig. 1) and P. alcon X (Fig. 2). Both butterflies occur on nutrient-poor xero-
thermic and calcareous grasslands. P. arion exploits predominantely Thymus 
serpyllum (Fig. 1b) as the larval host plant, however, in some areas, Origanum 
vulgare is also used (pers. obs.). P. alcon X is known to oviposit exclusively on 
Gentiana cruciata (Fig. 2b, 2c). The butterflies pupate in June and emerge in 
the beginning of July. While P. arion can be found in a few locations across the 
country, the occurrence of newly discovered (in 2012) P. alcon X appears to be 
confined to a small area in Central and Northern Estonia (Fig. 3). The butterfly 
has probably expanded to its current northern range margin relatively recently. 
However, a further northward shift as shown for numerous other European 
butterflies (e.g. DeVictor et al 2012), is unlikely as its sole larval food plant in 
the region, G. cruciata also reaches its northern distribution margin in Estonia 
(Kukk & Kull 2005; GBIF Backnone Taxonomy 2016). In the upcoming update 
of the Estonian Red Data Book (unpublished), the status of P. arion will be kept 
as ‘endangered’, while P. alcon will be listed as the only ‘critically endangered’ 
butterfly species in Estonia. 
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Fig. 3. The distribution of Phengaris arion and P. alcon in Estonia, Northern Europe. 
 
 
2.1.2. Plebejus species 
Plebejus is a species-rich genus of myrmecophilous butterflies. The closely 
related Plebejus argus L. and P. idas L. (Fig. 4a, 4b) are only butterflies that are 
known to be engaged in obligate mutualistic relationships with ants in Europe 
(Fiedler 2006; Fig. 4c). The habitat of these butterflies, as in Phengaris and 
other obligate myrmecophiles, is primarily determined by two resources that 
should be spatially overlapping for successful larval development. In particular, 
polyphagous caterpillars of both species, depending on locality, feed on various 
plants of Ericaceae, Fabaceae and Cistaceae (Fiedler 1991b; Thomas et al 1999; 
Jordano & Thomas 1992; Péténian & Nève 2003) whereas they are tended by 
worker ants of specific ant genera. The caterpillars of P. argus are reported to 
exclusively associate with Lasius spp. (e.g. Thomas 1985a, 1985b; Ravenscroft 
1990; Levington 1991; Jordano et al 1992; Thomas et al 1999; Davis et al 2011) 
while P. idas shows high specificity for Formica spp. (e.g. Malicky 1969; 
Fiedler 1991b; Fig. 4c). Both partners benefit from the interaction – the 
caterpillars provide nutritious secretions for ants and receive protection against 
predators and parasitoids in return. P. argus and P. idas are still widespread in 
most of Europe and Asia (Thomas & Harrison 1992; Kudrna 2002). However, 
many populations in Central and Northern Europe are isolated and patchily 
distributed, and have shown notable declines (Asher et al 2001; Beneš et al 
2002; Dennis 2004).  
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Fig. 4. Plebejus argus and P. idas. A) P. argus adult male, B) adults of P. argus and P. 
idas feeding on Vicia cracca, C) Formica sp. milking the DNO (Dorsal Nectary Organ) 
of a caterpillar of P. idas. © Margus Vilbas. 
 
In Estonia, P. argus and P. idas are univoltine and inhabit open landscapes 
across the country (Fig. 5). Females lay eggs singly close to the ground on leaf 
litter or the stems of larval food plants (Ravenscroft & Warren 1996). The 
butterflies overwinter as eggs and complete their development in the following 
spring. Larvae feed on the buds, flowers, and young shoots of various host 
plants such as common heather (Calluna vulgaris), bog blueberry (Vaccinum 
uliginosum), various vetches (Vicia spp.; Fig. 4b) and clovers (Trifolium spp.) 
(Õunap & Tartes 2014). The caterpillars pupate for three weeks before 
emerging as adults in June or July. The flight period of P. idas starts in late June 
and lasts until mid-August. P. argus emerges approximately ten days later 
(Õunap & Tartes 2014).  
 
Fig. 5. The distribution of Plebejus argus and P. idas in Estonia, Northern Europe. 
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Previous studies have largely focused on only one of these two Plebejus 
species. In particular, while P. argus has been used as a model species in 
numerous ecological studies across Europe (e.g. Thomas 1985a, 1985b; Jordano 
& Thomas 1992; Thomas & Hanski 1997; Thomas et al 1999; Seymour et al 
2003; Dennis 2004; Sielezniew et al 2011), its congeneric, P. idas, has received 
little scientific attention. Accordingly, there are no published studies focusing 
on distribution patterns and ecology of both Plebejus species at the same time. 
Concurrent comparative studies, however, would be insightful to understand the 




2.2.1. Habitat occupancy and host ant use in Phengaris arion (I) 
The study was conducted on two large Baltic Sea islands in Western Estonia – 
Saaremaa and Muhu, where local populations of P. arion are confined to small 
patches of calcareous grasslands in a landscape dominated by forests (50% of 
the islands; Kään 2002). Due to cessation of traditional management practices 
the area of calcareous grasslands has declined more than threefold in the past 
70 years (Helm et al 2006). The majority of grasslands are currently not 
managed. 
The field works were conducted in a total of 37 calcareous grasslands where 
the primary host plant of the butterfly (T. serpyllum) was known to be present. 
Timed surveys (see Kadlec et al 2012) were conducted in 2007–2013 to 
establish presence/absence of P. arion in focal grasslands. All patches were 
visited at least once a year for three to seven years (altogether 6 visits per 
grassland as a minimum). Surveys were conducted in July, the peak flight 
period of P. arion in Estonia. Each grassland was inspected for 15 minutes up to 
4 hours (depending on patch area) during the active flight time of the butterfly 
(between 10 AM and 6 PM) under suitable weather conditions (>18°C, sunny, 
weak wind). 
Four parameters that have been suggested to affect habitat quality for 
P. arion in particular, and for butterflies in general were estimated for each 
grassland: (1) turf height, (2) bush coverage (mainly Juniperus communis), 
(3) coverage of larval host plant (T. serpyllum), and (4) abundance of dragon-
flies (Anisoptera spp.). In addition, grassland areas and their distances to the sea 
were measured using high resolution orthophotos of the Estonian Land Board 
(http://www.maaamet.ee). Due to strong correlation between turf height and 
coverage of larval food plant (Pearson r = –0.67), the first principal component 
(PC1) of these variables was calculated. Another principal component (PC2) 
was calculated for the correlated (Pearson r = –0.44) dragonfly abundance and 
distance to the sea. 
Turf height and bush coverage were primarily considered because of their 
potential impact to abundance and community composition of Myrmica ants 
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(Thomas et al 2009), as well as their effect on larval food plant abundance. Both 
dragonfly abundance and distance to the sea were considered as proxies of 
dragonfly predation. First, dragonfly abundance has been shown to strongly 
correlate with dragonfly-induced predation on adult butterflies in the study area 
(e.g. Sang & Teder 2011; Tiitsaar et al 2013). Second, the dominant dragonfly 
species in the region, such as Orthetrum cancellatum (Sang & Teder 2011), 
breed in brackish water (Lindberg 1948; Kalkman et al 2002), suggesting 
distance to the sea to be a suitable surrogate for dragonfly abundance. 
Host ant use in P. arion was approached from two complementary perspec-
tives. Firstly, overall species composition of Myrmica ants in the study area was 
assessed. For this purpose, six random 1 m2 plots in each of 37 grasslands were 
sampled for Myrmica ants. For the purpose of determining the possible 
association between Myrmica ants and the butterfly’s larval food plant, three of 
the six plots were chosen with host plant present and another three without the 
plant in the plot or its close vicinity. The ants were identified using the key of 
Radchenko & Elmes (2010). Secondly, to directly establish host ant use of local 
P. arion populations, Myrmica colonies in altogether 527 randomly chosen 1 m2 
plots in confirmed P. arion habitats were systematically inspected for P. arion 
caterpillars and pupae. Sampling was conducted before the flight period of the 
butterfly (i.e. in late May and early June). Ant colonies were localized by partial 
removal of the vegetation. All colonies were carefully opened and examined for 
the presence of P. arion juveniles. If the presence of the butterfly was 
established in upper chambers of nests, no further disturbance was undertaken. 
The ground and vegetation were restored as close as possible to pre-excavation 
conditions after inspection. Samples of 5–10 workers from each examined ant 
colony were preserved in 75% alcohol for further identification. Negative effects 
of this methodology to ant colonies and populations have been considered to be 
insignificant (e.g. Sielezniew et al 2010a).  
 
 
2.2.2. Host ant use and oviposition patterns in Phengaris alcon X (II, III) 
The study was conducted in two populations, about 6.5 km apart, in the Pandi-
vere Upland, Northern Estonia. Host ant data from both populations were pooled 
as the data derived from the smaller one were insufficient for separate statistical 
analyses (II). Oviposition preference was investigated only in the larger of the 
two populations (III) which inhabits a 13.2 ha grassland. With an estimated 400 
G. cruciata plants, this grassland harbours one of the largest G. cruciata popu-
lations in the region. Neither of the studied grasslands are actively managed and 
have therefore started to show signs of overgrowing.  
Host ant use was examined in May 2014, well before the flight period of the 
butterfly. Myrmica colonies around randomly chosen host plants were examined 
for butterfly larvae and pupae in 29 plots of 2x2 m. Excavations were conducted 
as described above for P. arion. As ground-dwelling ant communities are 
strongly structured by interspecific competition (e.g. Savolainen & Vepsäläinen 
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1988; Hölldobler & Wilson 1990), Lasius spp. nests were also counted in all 
sample plots. For each Myrmica nest, its distance to the nearest host plant was 
measured and colony size was estimated using the methodology described by 
Skórka et al (2006). Examining ant colonies in well-defined plots allowed to 
evaluate their density in the study area. 
Field examination of oviposition patterns was conducted in the beginning of 
September 2014, shortly after the flight period of the butterfly. The distinctive 
and resilient egg shells of the butterly are firmly attached to the host plants 
(Thomas et al 1991), facilitating detailed field studies of host plant use for 
oviposition even after eggs have hatched. Data were obtained by counting all 
eggs and egg shells on each host plant within a sampling area of 300 × 150 m 
(i.e. 4.5 ha, Fig. 1 in II). For each host plant individual, the following data were 
recorded: (a) number of shoots, (b) average height of the shoots, (c) average 
height of the vegetation surrounding the host plant (see Stewart et al 2001, for 
methods), (d) presence/absence of flowers, and (e) host plant patchiness 
(number of G. cruciata shoots within a one metre radius around the focal plant). 
Besides these parameters, host plant apparency for ovipositing butterflies was 
quantified for each host plant individual by calculating the difference between 
the height of its tallest shoot and average height of the surrounding vegetation. 
Finally, damage caused by wild mammal herbivores to individual shoots (shoot 
damaged/undamaged) was recorded. 
 
 
2.2.3. Habitat use and distribution in Plebejus argus and P. idas (IV) 
The patch occupancy patterns of P. argus and P. idas were investigated in 227 
10 × 10 km Universal Transverse Mercator (UTM) squares distributed across 
the country (Fig. 5). Altogether 881 different habitat units were preselected, so 
that 2–4 sites per UTM square were surveyed. More precisely, at least one 
grassland and one forest clear-cut were designated to each UTM square whereas 
a peat bog was included if present. Additionally, linear landscape elements such 
as waysides were included in every other UTM square. Across all sites, 40% of 
the surveys were conducted in grasslands, 38% in forest clear-cuts, 16% along 
waysides and 6% in peat bogs. Particular habitat units were selected using high-
resolution orthophotos provided by the Estonian Land Board 
(http://geoportaal.maaamet.ee). Field works were conducted as an integral part 
of the Estonian butterfly mapping project (led by Anu Tiitsaar) in the summer 
of 2016. More than 40 researchers and field assistants were engaged in moni-
toring and sample collection. All sites were visited three times in the periods: I) 
from the end of May to the beginning of June; II) from the end of June to mid-
July; and III) from the end of July to mid-August. Timed counts (see Kadlec et 
al 2012) were conducted to record butterflies. All visits were conducted during 
the active flight time of butterflies (between 9 AM and 6 PM) under suitable 
weather conditions (≥18 °C, no rain, weak to moderate wind). Butterflies were 
recorded during a 30 minute transect walk (non-fixed in case of areal sites). As 
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P. argus and P. idas are difficult to distinguish in the field, up to 10 specimens 
were collected for subsequent microscopic identification from each site to 
assess the presence of the target species.  
Various soil related characteristics have been shown to be significant drivers 
of habitat use in numerous ant species, Lasius and Formica included (e.g. 
Vasconcelos et al 2003; Boulton et al 2005; Deblauwe & Dekoninck 2007). 
Therefore, soil type was determined for each investigated site. The data were 
acquired using a digital soil map of Estonia provided by the Estonian Land 
Board. In addition, a number of other factors were estimated: (1) habitat 
wetness (wet, partially wet, dry), (2) presence of drainage ditches, (3) presence 
of roads and pathways, and (4) habitat patch area. The area of each site (except 
for linear landscape elements) was measured using high-resolution orthophotos 
of the Estonian Land Board. 
For each forest clear-cut, a number of additional parameters were obtained: 
(1) age of the clear-cut; (2) soil pH level; (3) soil humidity level. The latter two 
parameters were derived from the ordination scheme of forest site types by 
Lõhmus (2004). Data on the time of logging and forest site types were obtained 
from the Estonian Forest Registry (http://register.metsad.ee/avalik/). Soil pH 
and humidity, again, were considered because of their potentially high impact 
on plant and ant communities.  
 
 
2.3. Data analyses 
Generalized linear model (GLM) with binomial errors (logistic regression) were 
built to determine the factors (and possible interactions between them) affecting 
patch occupancy (presence-absence) of P. arion (I), P. argus and P. idas (IV), 
and the presence of eggs and egg shells of P. alcon X (III). In the quantitative 
analyses of P. alcon oviposition patterns (III), only the subset of plants with 
eggs present was included, number of eggs on a plant was treated as a 
dependent variable and a GLM model with a Poisson error structure was applied. 
Additional analyses were carried out to assess potential effects of mammalian 
herbivore browsing on oviposition patterns (III). The data for P. argus and 
P. idas were analysed at two levels: (1) across all habitat types, and (2) across 
the subset of forest clear-cuts (IV). Further analyses were performed to compare 
differences in habitat use of P. argus and P. idas (IV). More precisely, the 
model prediction approach was opted to visually interpret the modelling results 
and compare the effects between the species (see IV for reasoning).  
All the variables were standardised to a mean of zero and a standard 
deviation of one to improve convergence and eliminate possible effects of the 
scale of measurement (I). Continuous independent variables were normalized 
by subtracting the mean and dividing by the standard deviation (III, IV). The 
data on patch area and distance to the sea were natural logarithm transformed to 
reduce variance heterogeneity (I). To test for the goodness of fit of the models, 
the Hosmer-Lemeshow (H-L) test was performed (Hosmer & Lemeshow 2000; 
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IV). Area under the receiver-operating characteristic curve data (AUC) was 
used to assess the predictive accuracy of models (IV). The data were checked 
for nonlinearity and interactions (I–IV). Best models were visually inspected to 
assess spatial autocorrelation in the model residuals (I, III). As no obvious 
spatial autocorrelation in the residuals of any of the best models were detected 
in either study, non-spatial models were used (I, III). 
Information-theoretic approaches were employed for model selection and 
multimodel inference (I, III, IV). Competing models were ranked using 
Akaike’s Information Criterion corrected for small sample size (AICC). For 
each particular model, the difference between its AICC value and AICC value of 
the best model was calculated (ΔAICC), ΔAICC of the best model being zero. 
The models with ΔAICC ≤ 2 were considered to be close to the best model 
(Burnham & Anderson 2002). The ΔAICC values were used to calculate Akaike 
weights for each model. To infer the relative importance of predictor variables, 
model averaging was conducted across models with all possible combinations 
of variables. The relative importance for each variable was calculated by 
summing Akaike weights across all the models containing that particular 
variable – the larger the sum for a particular variable, the more important it was 
considered relative to other variables (Burnham & Anderson 2002).  
To test for host ant specificity, a contingency table (with each Myrmica 
species treated separately) was used to calculate the chi-squared statistic (I, II), 
the significance of which was tested by Monte Carlo simulation procedure. The 
presence-absence data of P. alcon X larvae in host ant colonies were further 
analysed using logistic regression with Firth’s correction for separation (Firth 
1993; II). Colony distance from the host plant and colony size entered the 
model as continuous independent variables.  
All the analyses were performed in R versions 2.15.1–3.2.2 (R Development 
Core Team, 2011–2015), using the logistf (logistic regression; Heinze et al 
2013; I, II), MuMIn (model selection and model averaging; the effects of 
covariates on detection probabilities; Bartoń 2018; I, III, IV), Ape (assessing 
spatial autocorrelation; Paradis et al 2004; III), lme4 (Poisson mixed models; 
Bates et al 2018; IV), AUC (predictive accuracy; Ballings & Van den Poel 
2015; IV), ResourceSelection (resource selection functions for use-availability 











3.1. Habitat occupancy and host ant  
use in Phengaris arion (I) 
P. arion was found to be present in almost one-third of the surveyed grasslands 
(11 out of 37). The model including PC1 (i.e. the principal component of host 
plant coverage and turf height), PC2 (principal component of dragonfly 
abundance and distance to the sea) and patch area as predictor variables had the 
highest rank. Based on model averaging, PC1 and PC2 were the most important 
predictors of patch occupancy. Accordingly, the butterfly was more likely to 
occupy grasslands with higher host plant coverage, lower turf height, lower 
dragonfly abundance and longer distance to the sea (for quantitative data see I, 
Table 3). Indeed, host plant coverage in habitats occupied by P. arion, being 
consistently higher than 30% of the open area, was, on average, about 2.5 times 
higher than in unoccupied patches. Turf height was roughly 60% lower in 
patches occupied by P. arion. Also, there was on average about a two-fold 
difference in dragonfly abundance and three-fold difference in distance to the 
sea between the occupied and unoccupied patches. Additionally, there was 
some tendency for the butterfly to occur more frequently in patches with fewer 
bushes (I, Table 3). 
A total of 188 Myrmica ant colonies were excavated and examined at these 
11 patches where P. arion was present. Altogether 8 Myrmica species were 
recorded: M. schencki (57 colonies), M. lonae (41), M. scabrinodis (26), 
M. rubra (17), M. sabuleti (15), M. ruginodis (12), M. lobicornis (11) and 
M. rugulosa (9). Three nests of M. lonae (1.6% of all Myrmica nests, 7.3% of 
M. lonae nests), were infested by a single full grown P. arion caterpillar (see 
Fig. 1d). Host ant use was significantly influenced by the host species (Bar-
nard’s exact test: M. lonae vs. all other Myrmica species; p = 0.041). Addi-
tionally, there was a tendency (though marginally non-significant) for the 
density of M. lonae colonies to show some local-scale association with Thymus 
presence. In particular, there was about two-fold difference in colony densities 




3.2. Host ant use in Phengaris alcon X (II) 
A total of 56 Myrmica colonies in 29 plots (116 m2) were excavated and exa-
mined for P. alcon X larvae and pupae. Altogether 5 Myrmica species were 
recorded: M. schencki (18 colonies), M. sabuleti (13), M. scabrinodis (9), 
M. rugulosa (8) and M. rubra (8). Four M. schencki colonies that were found in 
the vicinity of four different G. cruciata plants were infested by a total of 17 
P. alcon X individuals (11 larvae and 6 pupae; see Fig. 2d). Host ant use in 
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P. alcon X was not random (p = 0.044; Monte Carlo contingency table test with 
10,000 replicates).  
Distance of the colonies to the nearest G. cruciata plant had a significant 
negative effect on their probability of being parasitised (logistic regression: 
X2 = 7.05; p = 0.008). There was also more than two-fold difference in average 
number of worker ants between infested and uninfested M. schencki colonies 
(1504 vs 632, respectively). However, probably due to a small sample size and 
relatively high variation in worker numbers, this difference remained margi-
nally non-significant (logistic regression; X2 = 1.67; p = 0.096). The overall 
density of M. schencki colonies across the study area was estimated to be about 
1550 colonies/ha.  
Besides Myrmica colonies, the study sites harboured very high densities of 
Lasius spp colonies (particularly L. niger), potentially strong competitors of 
Myrmica ants (Binz et al 2014). Lasius colonies recorded in sampling plots 
corresponded to an estimate of 10 000 colonies per ha. There was a strong and 
highly significant negative correlation between colony densities of Myrmica 
spp. and Lasius spp. across sample plots (Spearman rank correlation: rs = –0.76, 
N = 29, p < 0.0001). Statistically significant negative association was also found 
between the colony densities of Lasius and M. schencki, the local host ant of 
P. alcon X (Spearman rank correlation: rs = –0.56, N = 29, p = 0.002).  
 
 
3.3. Oviposition site use in Phengaris alcon X (III) 
Altogether 295 G. cruciata plants (66 plants per hectare) with 918 shoots were 
examined for P. alcon X eggs. In total, 2733 eggs on 192 plant individuals 
(65% of all plants) were found (see Fig. 2c). Based on the eggs counted, the size 
of the local population was estimated to be about 50–70 individuals (see details 
in III). 
Presence-absence of P. alcon X eggs on individual plants was best explained 
by a model that contained host plant apparency and host plant patchiness as 
predictor variables. Based on model averaging, host plant apparency was the 
predictor with the highest relative importance (RI=1) followed by host plant 
patchiness (RI=0.59). Accordingly, P. alcon X was more likely to oviposit on 
host plants that were protruding from the surrounding vegetation, and those 
being spatially less clumped / more isolated.  
Number of eggs laid on individual host plants was best explained by two 
models that contained host plant apparency, host plant patchiness, number of 
shoots and presence of flowers as predictor variables (the second best model 
also included turf height). Accordingly, all these variables achieved very high 
relative importance values from model averaging (RI = 1). The females were 
more likely to deposit greater number of eggs on prominent host plant indi-
viduals protruding from the surrounding vegetation, and that were growing 
further away from their conspecifics (were more isolated). Specifically, G. cru-
ciata plants with no conspecifics within 3 m radius carried almost twice as 
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many eggs as those with at least one other host plant individual within 3 m 
radius (15.6 vs. 8.7 eggs, on average, respectively). Also, the number of eggs 
was higher on larger host plant individuals (with greater number of shoots) and 
those boring flowers. 
Wild herbivore browsing was recorded in 81 shoots of 41 plants (8.8% and 
13% of all shoots and plants, respectively) that had their upper parts (mainly 
flowers) missing. Significant differences between damaged and undamaged 
shoots were detected both at the qualitative (presence-absence of eggs) and 
quantitative (number of eggs) scale. In particular, damaged shoots had 
significantly lower probability of carrying butterfly eggs (Fisher’s exact test: 
p < 0.0001). More specifically, they bore on average 3.5 times less eggs than 
undamaged ones (Welch’s two-tailed t-test: t = 4.36, df = 6.3, p = 0.004). 
Interestingly, herbivore browsing was more severe in G. cruciata plants that had 
fewer conspecifics around (2.2 shoots within 1 m radius, on average, around 
damaged plants and 4.5 shoots around undamaged plants: F1,293 = 8.5, p = 0.004). 
 
 
3.4. Habitat use and distribution in Plebejus argus and 
P. idas (IV) 
Out of 881 sites surveyed, P. argus and P. idas were found to be present in 318 
(36%; Fig. 5). P. argus was exclusively found in 196 (62%) and P. idas in 15 
(5%) of the sites. The species co-occurred in 107 patches (33% of the cases). 
The occurrence probability of P. argus was consistently higher, regardless of 
habitat type or habitat characteristic investigated.  
In analyses across all habitat types no single patch occupancy model re-
ceived overwhelming support in either of the butterflies. Nevertheless, based on 
model averaging, two variables – habitat type and soil type – received maxi-
mum relative importance (RI=1) for both P. argus and P. idas. Accordingly, the 
occurrence of both butterflies was highest in bogs, followed by forest clear-cuts 
and linear landscape elements. The preferred habitats were predominantely 
located on soils characterized by higher acidity, such as podzols, haplic 
albeluvisols, histosols and gleysols. The patches inhabited by P. argus were 
also characterized by higher wetness. 
In the analysis focusing on forest clear-cuts, again, no single model solely 
explained patch occupancy in either of the two butterflies. In case of P. argus, 
soil pH was the only predictor variable receiving maximum relative importance 
(RI=1). It was followed by soil humidity (RI=0.88), the interaction term of soil 
pH and soil humidity (RI=0.77) and the quadratic term of humidity (RI=0.71). 
The significant interaction term indicates that P. argus showed a decrease in 
occurrence probability with rising humidity at lower pH levels while the pattern 
tended to be the opposite in case of high values of pH. In P. idas, soil pH was 
the only predictor variable that received maximum relative importance, 
followed by soil humidity (RI=0.77). Consequently, both butterflies were more 
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Visual comparison of the occurrence probabilities of the two Plebejus 
species largely supported previously described findings (see Fig. 5 in IV). 
Indeed, both species were more likely to occur in forest clear-cuts characterized 
by lower pH and lower humidity levels. Moreover, the occurrence probability of 
P. argus was seen to be invariably higher than that of P. idas. P. argus also 
showed an increase in occurrence probability in highly humid clear-cuts, a 
pattern that could not be seen in P. idas. Additionally, the shapes of the curves 
describing the decline of occurrence probabilities with increasing pH slightly 
differed between the species. Namely in P. argus, the decline was slower than 
in P. idas at low pH values, but more rapid at higher pH values. 
 
  
likely to occur in patches characterized by lower pH and lower humidity levels. 
P. argus also showed tendency for higher occurrence probability at high 
humidity levels, however the relationship turned out to be marginally non-
significant (p = 0.07). 
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4. DISCUSSION 
4.1. Habitat occupancy and host ant use  
in Phengaris arion (I) 
The results from near the northern range margin of P. arion explicitly comple-
ment the emerging evidence of regional diversity of host ant use in this 
myrmecophilous butterfly. Accordingly, this thesis is the first to record M. lonae 
as the primary host ant of P. arion. The same ant species has been suggested 
(although never demonstrated) to be the host ant of P. arion in Finland as well 
(Saaristo 1995; Kolev 1998). Therefore, the host ant use of P. arion in North 
European populations seems to be notably different from that in the Western 
Europe where M. sabuleti has been often shown as the sole host ant of this 
butterfly (e.g. Thomas et al 1989). Multiple host ant use in our study area 
cannot be fully excluded as the local Myrmica fauna includes several species 
that are exploited by the butterfly in Central Europe (Sielezniew et al 2010b).  
Besides ascertaining the host ant use of P. arion, several factors were found 
to significantly affect the patch occupancy of the butterfly. More precisely, the 
butterfly was more likely to occur in grasslands characterized by higher host 
plant coverage, lower turf height, lower dragonfly abundance and shorter 
distance to the sea. 
Based on a spatial simulation model, Griebeler & Seitz (2002) have pro-
posed that minimum requirements for viable P. arion populations are 5% of 
host plant cover and host ant density of at least 500 colonies per ha. The 
observed values in our study area differed substantially from the minimum 
parameter values inferred from this model. In particular, for P. arion to be 
present, host plant had to cover at least 30% of the open area. On the other 
hand, the average density of host ant colonies across patches occupied by 
P. arion was lower than the proposed minimum value. There are several 
possible ways to explain this discrepancy in the habitat requirements proposed 
by the model (Griebeler & Seitz 2002) and those observed in our study area. 
First, different host plant (T. serpyllum in our study area, T. pulegioides in the 
model) and host ant (M. sabuleti vs M. lonae) species were involved. Second, 
the within-habitat distributions of host ants and larval food plants can be 
coupled (see also Casacci et al 2011). Indeed, the average density of M. lonae 
colonies estimated in plots with T. serpyllum was about three times higher than 
in plots without the host plant. Such a local-scale coupling of food plant and 
host ant is likely to have a substantial impact on their minimum values required 
for viable populations of the butterfly. Third, the oviposition selectivity of 
P. arion could be higher than was considered in the model. Indeed, Patricelli et 
al (2011) have demonstrated that P. arion females prefer to lay their eggs on 
host plants growing in close vicinity of Myrmica ant nests. Selective oviposition 
is likely to lower the minimal host ant density required to ensure a reasonable 
rate of caterpillar adoption by ants, and maintain viable populations of P. arion. 
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The habitat patches occupied by P. arion were characterized by notably 
lower turf height. Low turf height per se can be an important determinant of 
habitat occupancy of P. arion as it creates suitable microclimatic conditions for 
particular host ants (Thomas et al 1989; Elmes et al 1998; Thomas et al 2009). 
However, given the strong correlation between turf height and host plant 
coverage, the effect of turf height on patch occupancy of the butterfly is likely 
mediated through its effect on host plant coverage. In particular, T. serpyllum 
successfully grows on thin, low-fertility soil not suitable for high productivity 
plants, whereas on high fertility soil, it gets outcompeted. Moreover, the 
average turf height in T. serpyllum habitats is inevitably lower as the plant itself 
is a low subshrub not growing more than 4 cm tall (Ložienė 2009). Therefore, 
higher T. serpyllum coverage negatively affects turf height and therefore 
generates or at least strenghtens the association between turf height and patch 
occupancy in P. arion. Consistently, average turf height is notably higher in 
Central Estonian P. arion populations (localities described in III) where 
T. serpyllum is missing and thus the butterfly most likely feeds exclusively on 
Origanum vulgare, a perennial herb growing up to 80 cm (Zobel et al 2005). 
The results indicate that top-down effects such as dragonfly predation could 
also be essential drivers of patch occupancy in Phengaris butterflies. Indeed, 
PC2, the principal component of dragonfly abundance and distance to the sea 
(which we used as a proxy for potential dragonfly predation pressure; see Sang 
& Teder 2011, Tiitsaar et al 2013 for reasoning) was present in all top ranked 
models, and was the second best predictor variable according to model 
averaging. Consistently, rare small-sized flying insects such as P. arion have 
been suggested to be particularly vulnerable to generalist predators such as 
dragonflies (Spiller & Schoener 1998; Tiitsaar et al 2013). To my knowledge, 
this is the first time to demonstrate that predators can affect patch occupancy 
patterns in Phengaris butterflies. Distance to the sea per se, being inherently 
correlated with abundance of dragonflies, is likely to have no direct significant 
effect on patch occupancy of P. arion. In particular, majority of dragonfly 
species in the region, local dominant O. cancellatum included, inhabit brackish 
reed vegetation along the coast of the Baltic Sea (Kalkman et al 2002). 
 
 
4.2. Host ant use in Phengaris alcon X (II) 
The data indicate that, at its northern distribution margin, the xerophilous eco-
type of P. alcon is primarily parasitizing a single host ant species. In particular, 
all documented P. alcon X juveniles (altogether 17 caterpillars and pupae) were 
limited to the colonies of M. schencki (II). As with P. arion in Saaremaa and 
Muhu (I), we did not find any other ant species to serve as hosts. Nevertheless, 
three other Myrmica species previously documented as host ants of the butterfly 
elsewhere (i.e. M. sabuleti, M. scabrinodis, M. rubra) were relatively abundant. 
The results are in line with previous studies that have shown P. alcon X to 
occur as two ecologically distinct forms that exploit two different host ants 
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across their European range. More precisely, while the form occurring mainly in 
Central Europe (e.g. in Austria, Poland, Romania, Ukraine) has been shown to 
parasitize on M. sabuleti (Steiner et al 2003; Sielezniew & Stankiewicz 2007; 
Tartally et al 2008; Witek et al 2008), the form dominating peripheral areas 
(e.g. Estonia, Lithuania, Spain) appears to exploit M. schencki (this study; 
Stankiewicz et al 2004; Thomas et al 2013). In addition, the findings are 
consistent with the idea of higher host specificity near species range margins 
(Martin & Pullins 2004; Schmidt & Hughes 2006).  
The data presented in this thesis indicate that numerous host ant related 
factors could have a notable effect on the adoption probability and survival of 
P. alcon X larvae. Indeed, host colony size, its distance to the initial host plant 
as well as the presence of interspecific competitors of Myrmica could affect the 
viability of P. alcon X juveniles. 
M. schencki colonies infested by P. alcon X larvae were twice the size of 
uninfested colonies (i.e., contained twice as many workers, on average; II). 
Although the difference remained marginally non-significant (probably because 
of a small sample size), such a relationship may exist for several reasons. First, 
the larvae of Phengaris butterflies have higher probability of being adopted to 
larger colonies because they contain more foraging workers (e.g. Herbers & 
Choiniere 1996; Palmer 2004). Second, infestation by Phengaris larvae (or any 
other detrimental event) is less likely to cause larger colonies to collapse or 
abandon the nest site (Thomas & Wardlaw 1992; Elmes et al 1998). Third, 
higher polygyny typical for larger colonies (Elmes & Keller 1993; Sundström 
1995) may reduce worker aggressiveness towards intruding caterpillars (Fürst et 
al 2012) and facilitate their chemical infiltration into the colonies (Nash & 
Boomsma 2008). 
There was a strong negative correlation between colony densities of 
M. schencki and Lasius spp. (II). Although other causal factors cannot be 
excluded, these results suggest that competition between these ants may have a 
substantial influence on the viability of Phengaris populations. Indeed, inter-
specific competition is known to be one of the major factors shaping species 
composition and spatial distribution patterns in ant communities (e.g. Savo-
lainen & Vepsäläinen 1988; Hölldobler & Wilson 1990; Andersen & Patel 
1994; Ślipiński et al 2014). However, previous studies investigating host ant 
availability in Phengaris butterflies have largely overlooked the possible effect 
of competitive interactions between Myrmica spp. and ants from other genera. 
In particular, Myrmica species are among the most subordinate ones in the ant 
competition hierarchy (e.g. Seifert 2007; Vepsäläinen & Czechowski 2014) and 
hence their population performance may substantially be affected by other ant 
genera. Moreover, Phengaris parasitism by itself could have substantial impact 
on both the number and size of host ant colonies (Hochberg et al 1994), 




4.3. Oviposition site use in Phengaris alcon X (III) 
Factors driving female oviposition site selection largely determine the environ-
ment in which the progeny will grow (e.g. Bergström 2005; Küer & Fartmann 
2005; Doak et al 2006). Quite naturally, offspring growth and survival are 
primarily determined by host plant presence. However, numerous other factors 
such as plant size (e.g. Wiklund 1984; Heisswolf et al 2005; Valdés & Ehrlén 
2017), its nutritional quality (e.g. Baylis & Pierce 1991) and apparency (e.g. 
Chew & Courtney 1991), microclimatic conditions around the plant (e.g. 
Shreeve 1986) as well as the presence of natural enemies (e.g. Wiklund & 
Friberg 2008) and mutualists (e.g. Pierce & Elgar 1985) could further affect the 
availability and suitability of a particular plant individual. As a consequence, a 
considerable proportion of potentially suitable host plants may remain unused 
by ovipositing butterflies. 
In the population examined, more than one-third of all investigated G. cru-
ciata plant individuals did not receive even a single egg, whereas 10% of most 
egg-loaded plants carried about half of all eggs (III). These data indicate that 
selection of individual host plants in P. alcon X is strongly influenced by plant 
characteristics and environmental context. The use of particular host plants as 
oviposition substrate was most strongly associated with host plant apparency 
(III).  
The data indicate that host plant height compared to the surrounding 
vegetation rather than plant height per se is the main factor that determines if a 
particular host plant is used or not for oviposition. In fact, all plant individuals 
used for oviposition were taller than the surrounding vegetation. Above all, such 
prominent plants are visually easier to detect for the ovipositing butterflies. In 
addition, relatively tall host plants protruding above surrounding vegetation are 
likely more suitable for larval development as they have been suggested to 
provide more protection (isolation) from predators such as orb-weaving spiders 
(Küer & Fartmann 2005). Consistently, oviposition on tall, visually conspicuous 
plants is a pattern, documented also in several other butterfly species (e.g. 
Courtney 1982; Porter 1992; Nowicki et al 2005; Árnyas et al 2006; Wynhoff et 
al 2015). 
An alternative explanation could be related to more favourable microclimatic 
conditions that such plants might provide. Indeed, plants protruding above 
surrounding vegetation receive more solar radiation that might be beneficial for 
developing eggs and larvae (Thomas 1991; Küer & Fartmann 2005). If this 
were the case, we might expect to see the females from northern populations to 
lay proportionally more eggs on upper surfaces of the leaves to compensate for 
lower solar radiation. Also, host plant apparency should become an increasingly 
important driver of oviposition behaviour towards northern range margin of the 
species. However, data available from previous studies and the data presented in 
this thesis do not provide evidence for such latitudinal variation. In fact, relative 
amounts of eggs laid on the upper and lower surfaces of the leaves (55–60% on 
the upper surface, 10–14% on the lower surface) are almost identical in various 
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regions spanning over 1500 km (Estonia: this study; Lithuania: Oškinis 2012; 
Hungary: Árnyas et al 2006). Moreover, host plant apparency has been shown 
to have an equally significant effect on oviposition site use of P. alcon X in 
most of its European range (Germany: Dolek et al 1998; Hungary: Árnyas et al 
2006; Lithuania: Oškinis 2012; Romania: Osváth-Ferencz et al 2016). Micro-
climatic factors thus appear to have a marginal effect on oviposition patterns in 
P. alcon X.  
In the quantitative analyses of oviposition site use, a few other variables such 
as host plant patchiness, number of shoots and presence of flowers received 
high relative importance in predicting the number of eggs laid on particular host 
plants (III). While the effect of flowers on the number of eggs is self-expla-
natory for a species that is florivorous in the first larval instars, the causality of 
host plant patchiness is less straightforward. Indeed, plants that had fewer 
conspecifics in the vicinity received notably higher numbers of eggs than more 
clustered host plants. In part, this pattern could be related to the high time stress 
P. alcon X is suffering from (Kőrösi et al 2008). Indeed, according to Van Dyck 
& Regniers (2010), the females of P. alcon demonstrate highly stereotypic 
oviposition behaviour which encompasses repetitive climbing and descending 
down the plant to distribute eggs on neighbouring shoots. Therefore, in case of 
clustered plants, the ovipositing females are likely to distribute their eggs 
between numerous host plants resulting in fewer eggs per plant on average 
(Capman et al 1990). The above described behaviour could also explain the 
relationship between number of shoots and egg-load on respective host plants 
(i.e. the egg load per shoot was higher in plants with fewer shoots).  
The data indicate, that if not addressed properly, herbivore grazing could 
inflict substantial damage to the populations of P. alcon X and its larval food 
plant (III). In particular, a substantial amount of all investigated G. cruciata 
individuals were damaged, with their uppermost organs torn off. The most 
likely cause of such damage is herbivory by wild mammals such as European 
roe deer (Capreolus capreolus), a species often observed in the study area. 
Herbivore grazing appeared to have a notable damage on the progeny of 
P. alcon X – more than one-tenth (13%) of all plant individuals had signs of 
herbivore feeding, while these damaged plants carried less than 0.5% of all eggs 
(III). Interestingly, herbivore damage was particularly prevalent among isolated 
(less clumped) host plants which, when undamaged, received higher number of 
eggs than more aggregated plants. Detrimental effects of herbivore grazing are 
likely to be expressed in two ways: a) directly, as large herbivores eat the eggs 
inadvertently together with plant organs; b) indirectly as damage through 
grazing turns the plant less detectable or less attractive to ovipositing butterflies 
(shorter shoots with less flowers and buds). Consistently, damaged shoots were, 
on average, 3.5 cm shorter and bore 3 times less flowers than undamaged shoots.  
The results of this thesis suggest that P. alcon X populations at the northern 
range margin are primarily limited by the host plant availability. In particular, 
the sole larval food plant of the species, Gentiana cruciata also reaches its 
northern distribution limit in Estonia (Kukk & Kull 2005, GBIF Backbone 
30 
Taxonomy 2016), whereas a northward shift of the plant is not expected as the 
potential habitats (seminatural calcareous grasslands) are lacking at higher 
latitudes. Moreover, the northern populations of G. cruciata tend to be sparse 
even in suitable habitats. Indeed, the density of the plant in the study area was 
less than 50 plants/ha (II) which is far lower than the suggested optimum for 
sustainable P. alcon X populations (1500 G. cruciata plants/ha; Clarke et al 
1998). A relatively high average egg load on individual plants (9.2 eggs per 
shoot; III), potentially leading to intraspecific competition between Phengaris 
juveniles (see discussion of study III for reasoning), also indicates the important 
role the host plant is likely to play. By contrast, host ant densities in the study 
area (average M. schencki colony density: 1550 colonies/ha, average overall 
Myrmica density: 4900 colonies/ha; II) were considerably higher than required 
for long-term population persistence suggested by population viability analysis 
(PVA) for predatory Phengaris species (e.g. Griebeler & Seitz 2002; see above). 
Optimal densities for P. alcon are probably even lower as the carrying capacity 
of Myrmica colonies for cuckoo-type feeders is generally higher (Thomas & 
Wardlaw 1992; Thomas & Elmes 1998). Nevertheless, the high host ant 
(M. schencki) density may to some extent compensate for the food plant defi-
ciency by ensuring higher proportion of G. cruciata plants to be within the 
foraging range of potential host ants.  
 
 
4.4. Habitat use and distribution in Plebejus argus and 
P. idas (IV) 
P. argus and P. idas were found to follow rather similar patterns of patch occu-
pancy throughout the study area – the butterflies were found to be sharing 
habitats in more than 30% of the surveyed sites inhabited by either or both of 
the butterflies (Fig. 3, 5). Both species were more likely to occur in habitats 
characterized by wet acidic soils, peat bogs in particular. Nevertheless, habitat 
wetness appeared to have a stronger effect on P. argus. Both species showed 
higher occurrence probability in forest clear-cuts characterized by highly acidic 
but drier soils. The occurrence probability of P. argus tended to have another 
peak at high levels of soil humidity.  
Despite similarities in their general habitat use, the occurrence probability of 
P. argus was consistently higher than that of P. idas. The observed patterns are 
likely to be related to substantially wider niche breadth of the ant associates of 
P. argus (Seifert 2017). In particular, with a few exceptions (e.g. F. picea and 
F. lemani inhabiting humid bogs; Mabelis & Korczynska 2012), majority of 
Formica are associated with dry, warm (e.g. F. sanguinea, F. pratensis, F. rufi-
barbis, F. exceta), often sandy (F. truncorum, F. cinerea), sparsely forested 
areas (mainly coniferous forests; e.g. Seifert 1996; Czechowski et al 2002; 
Markó & Czechowski 2004; Jurgensen et al 2005; Mabelis & Chardon 2006; 
Robinson et al 2008; Seppä et al 2009; Trigos Peral et al 2016; Seifert et al 
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2017) or forest ecotones (e.g. Czechowski et al 2002; Vepsäläinen et al 2007; 
Goryunov 2015). Some species are highly susceptible to clear-cutting (e.g. 
F. lugubris; Punttila et al 1991) and disturbance (e.g. trampling and mowing; 
F. rufibarbis and F. cunicularia; Pontin 1996; Mabelis & Korczynska 2012). 
Lasius species, in contrast, inhabit a much broader variety of biotopes from dry 
sandy dunes (e.g. L. psammophilus; Markó & Czechowski 2004) and deciduous 
forests (e.g. L. fuliginosus; Czechowski 2000) to semi-dry or wet grasslands 
(e.g. L. niger, L. alienus, L. flavus; Radchenko et al 1999; Lehouck et al 2004) 
and bogs (e.g. L. platythorax; Radchenko et al 1999). Lasius also show strong 
synanthropic tendencies (Radchenko et al 1999; Vepsäläinen et al 2007) and 
hence are highly abundant in grasslands, arable lands and in gardens (e.g. 
Radchenko et al 1999; Vepsäläinen et al 2007; Hertzog et al 2016). Con-
sistently, L. alienus and L. niger, two major mutualists of P. argus are estimated 
to be the most widespread and abundant ant species in Europe (e.g. Vepsäläinen 
et al 2007; Seifert 2017).  
Significantly wider niche breadth and higher general abundance of Lasius 
also likely enable them to successfully compete with other species in variety of 
habitats, especially in open grasslands (e.g. Brian et al 1965; Smallwood & 
Culver 1979; Holec 2006; Vepsäläinen et al 2007; Collins 2011; Binz et al 
2014; Hertzog 2016). For example, L. fuliginosus has been demonstrated to be a 
dominant territorial ant species, strongly shaping local ant assemblages (e.g. 
Ślipiński et al 2014; Stukalyuk 2017). L. niger is also known to often occupy 
and dominate food resources and small areas within habitat patches (e.g. 
Vepsäläinen & Pisarski 1982; Collins 2011). Moreover, L. niger is particularly 
resilient to extreme climatic events such as flooding (Hertzog et al 2016), and, 
therefore, is likely to support more stable habitat for P. argus. Considering all 
above, the relative habitat availability for Formica appears to be notably lower 
than that for Lasius. Nevertheless, Formica species have been demonstrated to 
be dominant in some habitats such as certain forests and forest ecotones (e.g. 
Czechowski 2000; Vepsäläinen et al 2007; Goryunov 2015; Trigos Peral et al 
2016). Consistently, vast majority of patches inhabited by P. idas were located 
in immediate proximity of coniferous (pine) forests.  
Peat bogs were found to be the most important habitat type for both species. 
Indeed, as slowly changing heterogeneous environments (e.g. Masing 1984), 
bogs are likely to provide a constant undisturbed habitat with abundance of 
resources for successful development for these sedentary butterflies (Hovestadt 
& Nieminen 2009). Accordingly, as mentioned above, Lasius and Formica both 
are represented in bogs (e.g. Wheeler 1915; Czechowski et al 2002; Vepsä-
läinen et al 2007; Vele et al 2009; Collins 2011; Mabelis & Korczynska 2012; 
Seifert 2017). Moreover, habitat preferences of various host plants such as 
C. vulgaris, V. myrtillus, and V. uliginosum, being adapted to moist acidic soils 
(i.e. histosols and gleysols) (Chapman & Bannister 1994; Jacquemart & 
Thompson 1996; Syrett et al 2000; Boulanger-Lapointe et al 2017; Haest et al 
2017), well coincide with the revealed patterns of habitat use in P. argus and 
P. idas.  
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Forest clear-cuts proved to be the second most important habitat for the 
studied Plebejus butterflies. Both species were more likely to occur in clear-cuts 
characterized by lower soil pH. In contrast to the inference drawn from the 
cross-habitat models, butterflies were more frequent in clear-cut patches with 
lower soil humidity. In the case of P. idas, these patterns appear to follow the 
habitat use of their xerophilous Formica-hosts while the Lasius-hosts of 
P. argus are also abundant in such habitats. Moreover, C. vulgaris, the domi-
nant host plant of Plebejus butterflies in bogs, is also well adapted to dry acidic 
soils (Chapman & Bannister 1994; Haest et al 2017) and therefore could serve 
as an important host plant in xerothermous landscapes as well. Additionally, 
Arctostaphylos uva-ursi, a plant adapted to dry acidic soils (Hardy BBT 1989) 
is also known to serve as host plant in dry sandy habitats.  
In forest clear-cuts, P. argus tended to have another peak at higher levels of 
humidity. Accordingly, L. platythorax, a major host of P. argus (e.g. Péténian & 
Neve 2003), has been shown to have a clear preference for higher soil humidity 
(e.g. Radchenko et al 1999). The absence of the clear second peak in P. idas 
could be related to the Formica being generally more xerophilous (see above). 
Moreover, a few known Formica species adapted to humid conditions are rather 
confined to specific habitats such as bogs (Czechowski et al 2002; Mabelis & 
Korczynska 2012). Nevertheless, there is often no shortage of host plants in 
humid habitats as various host plants, such as C. vulgaris and V. myrtillus often 
colonize humid acidic soils (i.e. podzols and haplic albeluvisols; Lõhmus 2004) 
in peat bogs or boggy forests (e.g. Chapman & Bannister 1994; Boulanger-
Lapointe et al 2017). Other potential host plants such as Trifolium spp. and 
Vicia spp. (e.g. Korshunov & Gorbunov 1995) also occur on moist but less 
acidic soils (e.g. Lindström & Myllyniemi 1987; Schubert et al 1989; Jensen et 
al 2010).  
The patch occupancy was lowest in grasslands, both in absolute and relative 
terms. Indeed, as few as 11% and 2% of grasslands studied (out of 348) were 
inhabited by P. argus and P. idas respectively. While these results could have 
been expected for Formica-related P. idas, it is somewhat surprising for Lasius-
related P. argus (see above for reasoning). Unexpectedly low occurrence in 
grasslands could be related to the butterfly’s narrow host preference in the 
region. Nevertheless, further studies are necessary to confirm this suggestion. 
 
 
4.5. Conclusions and importance 
The work reported in the present thesis makes a number of original contri-
butions to the studies of myrmecophilous butterflies. Novel data derived from 
geographically distant and unexplored populations in Northern Europe are 
relevant both at local and broader geographical scales. First, this research 
improves the fundamental understanding of life history and ecology in myrme-
cophilous butterflies. Second, the collected data provide a solid framework for 
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developing adequate and meaningful conservation strategies for studied popu-
lations.  
This thesis is the first to describe host ant specificity of endangered Phengaris 
butterflies in the region (I, II). The data, indicating that both P. arion and 
P. alcon X are primarily parasitizing on a single host ant species, supports the 
idea of higher host specificity near species’ range margins (Martin & Pullins 
2004; Schmidt & Hughes 2006). The present thesis is also the first to report 
M. lonae as a primary host of any Phengaris butterflies (I). Moreover, other 
host ant related factors such as the size of host colonies and their distance to the 
nearest larval food plant appeared to have a notable effect on the probability of 
adoption as well as on the survival of caterpillars (II).  
The patch occupancy of studied butterflies and their progeny was strongly 
dependent on environmental context (I, III, IV), with some biotic interactions 
largely been neglected in the context of habitat use and conservation of 
butterflies. In particular, the data indicate that predators such as dragonflies 
could significantly impact population dynamics in low-density small-sized 
flying species such as Phengaris butterflies (I; see also Sang & Teder 2011; 
Tiitsaar et al 2013). Moreover, this study raises the possibility of interspecific 
interactions between ants to be an important factor affecting habitat use in the 
studied butterflies (II, IV). Furthermore, substantial damage to local food plant 
population indicates that wild herbivore grazing could strongly affect butterfly 
populations, especially the ones exploiting larval food plants as rare as 
G. cruciata (III).  
To my knowledge, this thesis is the first to present concurrent data on distri-
bution patterns in P. argus and P. idas (IV). The thesis showed these two 
congenerics to be often syntopic suggesting their ecological niches to overlap 
considerably. The data indicate that specialization to different interspecific 
associates in these butterflies may have a notable effect on their occurrence 
probabilities, but does not necessarily have a fundamentally divisive effect on 
their habitat use, at least at the level of habitat type. Accordingly, habitat 
heterogeneity combined with ecological and behavioural differences between 
Lasius and Formica enable these ants to often share the habitat without 
competitive exclusion (e.g. Rosengren 1986; Vepsäläinen et al 2007; Collins 
2011; Kanizsai et al 2013; Seifert 2017), allowing their mutualist butterflies 
also to co-occur as demonstrated. The results also confirm the findings of recent 
studies (e.g. Viljur & Teder 2016) proposing forest clear-cuts to be an important 
temporary habitat for open-habitat butterflies.  
For both practitioners and scientists, several guidelines and suggestions for 
management of Phengaris populations can be derived from this thesis. Most 
importantly, it is crucial to prevent host plants of Phengaris butterflies from 
becoming overgrown by surrounding vegetation. Indeed, tall, lush plants and 
bushes either by outcompeting the host plants or by reducing their apparency 
(detectability), may strongly affect the availability of host plants for ovipositing 
butterflies (I, III). Overgrown plants providing fewer resources for caterpillars 
may also reduce their reproductive success (III). Moreover, high vegetation 
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could be unsuitable for various Myrmica host ants as well (e.g. M. sabuleti in 
UK; see Thomas et al 2009). Indeed, M. schencki, the sole host ant of P. alcon 
X in our study area (II), has been considered to be one of the most xero-
thermophilous ant species (Elmes et al 1998). Carefully thought out grazing 
regime has been suggested as an effective tool to manage Phengaris habitats 
(e.g. Maes et al 2004). Nevertheless, caution must be exercised because of 
potential direct and indirect negative effects of grazing on the butterflies (III). 
As showed in our study on oviposition patterns in P. alcon X (III), even wild 
herbivores can cause substantial damage on G. cruciata plants. In such cases, 
temporal and spatial restrictions should be applied on grazing regimes. For 
more targeted management, mowing and small-scale sod cutting have also been 
proposed (WallisDeVries 2004). Our results indicate dragonfly predation to be 
an essential driver of patch occupancy in Phengaris butterflies (I). Conse-
quently, top-down effects that have largely been neglected in butterfly conser-
vation, may have to be taken into consideration, particularly in cases of species 
relocation or reintroduction. As another novel aspect, the results of this thesis 
suggest that interspecific competition between ants could have a strong 
influence on host ant availability in myrmecophilous butterflies (II). Therefore, 
conservation strategies for such species and their respective host ants could also 
incorporate respective (adverse) management strategies for non-host ant species.  
 
 
4.6. Recommendations for further research 
Number of recommendations for further research can be abstracted from the 
findings of this thesis. There are still gaps in our regional knowledge concerning 
ecology and conservation of myrmecophilous butterflies that would benefit 
from further research: 
1)  Studies to ascertain the use of secondary host ants in P. arion and P. alcon 
X. Given the fairly species-rich Myrmica fauna in the study areas of both 
species (which also includes several species used in other regions of Europe; 
I, II), multiple host ant use of the species cannot be fully excluded. 
2)  As one of the most xerothermophilous Myrmica species in Europe (Elmes et 
al 1998), M. schencki is typically associated with low vegetation and bare 
ground patches (Sielezniew et al 2010b). The results, showing this species to 
be abundant in relatively high and dense vegetation (II), highlight the need 
to review habitat requirements of M. schencki (and of other Myrmica 
species) in a broader geographical context.  
3)  Quantitative studies on interspecific interactions between Phengaris- and 
Plebejus-related ant species with other ants and their influence to butterflies. 
Our data suggest that competition between ant species could have a notable 
effect on population dynamics of the butterflies (II). Nevertheless, direct 
evidence for the link between competition in ants and distribution patterns of 
myrmecophilous butterflies remains to be found. This could be particularly 
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important in cases when several species of obligately myrmecophilous 
butterflies, each adapted to a different host, occupy the same habitat.  
4)  Further studies on top-down effects as potentially important drivers of 
population dynamics in butterflies. Initial qualitative studies in coastal areas 
on dragonflies have yielded significant results (Sang & Teder 2011; Tiitsaar 
et al 2013; I). Nevertheless, more quantitative studies involving inland areas 
are likely to provide more comprehensive (direct) perspective on this factor.  
5)  Studies on P. arion population exclusively exploiting Origanum vulgare as 
the host plant. First population of P. arion in Estonia, using O. vulgare as a 
host plant, was discovered in the course of the present studies. As notable 
differences in various habitat characteristics (e.g. turf height, the absence of 
T. serpyllum) and Myrmica fauna were observed, studies on the population 
that uses O. vulgare as a host would considerably contribute to our under-
standing of host specificity and local specialization in Phengaris butterflies. 
6)  More detailed ecological studies on P. argus and P. idas. Further studies 
should also provide quantitative assessment of distribution patterns in these 
butterflies. Additionally, local host plant use of the species needs to be 
reviewed (IV). 
7)  Further studies to determine the best practices for opening vegetation around 
butterfly’s host plants are recommended. Host ants are a key factor to con-
sider here, their abundance in relation to vegetation height and their response 
to opening vegetation, in particular (e.g. Thomas et al 2009). Accordingly, 
optimal mowing or cutting regimes for local Phengaris populations should 







In the present thesis I examined habitat use determinants and distribution pat-
terns in four obligately myrmecophilous Palearctic butterflies – 1) Phengaris 
arion (I); 2) xerophilous ecotype of P. alcon (P. alcon X hereafter; II, III); 
3) Plebejus argus (IV) and 4) P. idas (IV). A primary focus was on biotic 
interactions as important determinants of habitat use. The thesis expands the 
knowledge of geographic variation in habitat requirements in highly vulnerable 
Phengaris butterflies close to their northern distribution margin. A special 
attention is given to the composition of regional Myrmica fauna and host ant 
use. The thesis also aims to concurrently assess the distribution patterns in two 
morphologically similar yet ecologically divergent Plebejus butterflies.  
The data from northern peripheral populations show P. arion and P. alcon X 
both to exploit a specific Myrmica ant species (I, II). More precisely, all 
documented P. arion caterpillars were limited to the colonies of M. lonae (I), 
while the caterpillars of P. alcon X were exclusively found in the colonies of 
M. schencki (II). The thesis is the first to record M. lonae as the primary host ant 
of P. arion or any other Phengaris butterflies (I). These results explicitly 
complement the emerging evidence of regional diversity in host ant use in 
Phengaris butterflies. In addition, the findings are consistent with the idea of 
higher host specificity near species range margins (I, II).  
The data indicate that several host ant related factors could have a notable 
effect on the adoption probability and survival of P. alcon X larvae. In parti-
cular, larger Myrmica colonies that were closer to the host plant had higher 
probability of being infested (II). Moreover, competition between host and non-
host ant species may have a substantial influence on Phengaris populations (II).  
P. arion was more likely to occupy grasslands with higher host plant cove-
rage, lower turf height and lower dragonfly abundance that were located further 
away from the sea (I). To my knowledge, this is the first time to demonstrate 
that predators can affect habitat occupancy patterns in Phengaris butterflies (I). 
The data on P. alcon X indicate that host plant height compared to the 
surrounding vegetation (i.e. plant apparency) rather than plant height per se is 
the main factor that determines the suitability of particular host plants for 
oviposition (III). Moreover, more isolated plants had higher probability of being 
used as hosts. Additionally, the data indicate that grazing of mammalian herbi-
vores could inflict substantial damage to the populations of P. alcon X and its 
larval food plant (III). 
P. argus and P. idas were found to often share habitats suggesting their eco-
logical niches to overlap considerably (IV). The butterflies were more likely to 
occur in habitats characterized by more acidic soils, predominantly peat bogs. In 
forest clear-cuts, both species showed higher occurrence probability in drier 
habitat patches on more acidic soils. Despite similarities in their general habitat 
use, the occurrence probability of P. argus was found to be invariably higher 
than that of P. idas regardless of habitat types or other factors investigated. 
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These patterns coincide with the ecological differences between the mutualist 
ants of P. argus nad P. idas (Lasius and Formica, respectively). Also, the data 
indicate that forest clear-cuts could be an important temporary habitat for 
myrmecophilous butterflies (IV). 
To conclude, novel data derived from these previously unexplored popu-
lations in Northern Europe are relevant both at local and broader geographical 
scales. First, this research improves the fundamental scientific understanding of 
life history and ecology in myrmecophilous butterflies. Second, the collected 
data provide a solid framework for developing adequate and meaningful con-





Oma väitekirjas uurisin biootiliste interaktsioonide mõju nelja obligatoorselt 
mürmekofiilse (assotsieeruvad mingis eluetapis alati sipelgatega) päevaliblika-
liigi elupaiganõudlusele ja levikule. Uuritud liikideks olid nõmme-tähniksinitiib 
(I), soo-tähniksinitiib (II, III), ogasäär-sinitiib (IV) ja mesika-sinitiib (IV). Dok-
toritöö esimeseks eesmärgiks oli laiendada olemasolevaid teadmisi ohustatud 
tähniksinitiibade elupaigakasutuse geograafilise varieeruvuse osas leviku põhja-
piiril või selle läheduses paiknevate populatsioonideni. Sealjuures oli peamine 
rõhk tähniksinitiibade peremehespetsiifilisuse välja selgitamisel. Töö teiseks 
eesmärgiks oli paralleelselt uurida morfoloogiliselt sarnaste, kuid ökoloogiliselt 
erinevate ogasäär- ja mesika-sinitiiva elupaigaeelistusi ja levikumustreid.  
Kogutud andmestik nõmme-ja soo-tähniksinitiiva põhjapopulatsioonidest 
näitab, et kumbki liik parasiteerib siin vaid ühel rautsikuliigil (I, II). Täpsemalt 
dokumenteeriti kõik nõmme-tähniksinitiiva röövikud Myrmica lonae ja soo-
tähniksinitiiva röövikud häilurautsiku (M. schencki) kolooniatest. Käesolev töö 
on esimene, kus näidatakse, et M. lonae võib olla nõmme-tähniksinitiiva (või 
mistahes tähniksinitiiva) peamiseks peremeheks (I). Tulemused kinnitavad ja 
täiendavad oluliselt akumuleeruvaid tõendeid tähniksinitiibade regionaalselt 
laiema peremehekasutuse osas. Lisaks kinnitab mõlema uuritud tähniksinitiiva 
peremehekasutus hüpoteesi kõrgemast peremehespetsiifilisusest liikide leviku 
äärealadel (I, II).  
Soo-tähniksinitiiva röövikute esinemistõenäosus oli märkimisväärselt kõrgem 
suuremates ning rööviku toidutaime (südame-emajuur) isenditele lähemal asu-
vates rautsikukolooniates (II). Ilmselt on suured kolooniad püsivamad väliste 
mõjude (kaasaarvatud parasitism) suhtes. Lisaks tõstab suurem töölissipelgate 
hulk ning toidutaime lähedus oluliselt liblikarööviku leidmise tõenäosust. Läbi-
viidud uuringute tulemused soo-tähniksinitiival viitavad ka sellele, et tähniksini-
tiibade peremeessipelgate ja mitteperemeessipelgate omavaheline konkurents 
võib omada potentsiaalselt tugevat mõju tähniksinitiiva röövikute elumusele ja 
esinemistõenäosusele rautsikukolooniates (II). 
Nõmme-tähniksinitiib esines suurema tõenäosusega toidutaime (nõmm-liiva-
tee) kõrgema katvuse, taimestiku madalama kõrguse ja kiilide (Anisoptera spp) 
madalama arvukusega merest kaugemal paiknevatel rohumaadel (I). Taimestiku 
kõrgus, olles negatiivselt seotud nii toidutaime kui ka termofiilse peremees-
sipelga arvukusega, mõjutab seeläbi ilmselt ka liblika esinemist elupaigas. 
Kiilide negatiivset mõju päevaliblikate arvukusele on uuritud piirkonnas näida-
tud varemgi, kuid autori teada on käesolev töö esimene, kus demonstreeritakse 
kiskjate (kiilide) negatiivset mõju tähniksinitiibade esinemistõenäosusele. 
Uuring soo-tähniksinitiiva munemispaiga eelistustest näitas, et emasliblika 
munemisotsuse tegemisel ei ole esmatähtis mitte toidutaime absoluutne kõrgus, 
Biootiliste interaktsioonide mõju mürmekofiilsete päevaliblikate 
elupaigakasutusele Põhja-Euroopas 
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vaid selle suhteline kõrgus võrreldes ümbritseva taimestikuga (st. taime silma-
paistvus) (III). Ümbritsevast taimestikust väljaulatuvad toidutaimed on ilmselt 
munevale liblikale lihtsamini leitavad, kuid tõenäoliselt pakuvad need ka pare-
mat kaitset (isoleeritust) lülijalgsetest röövloomade eest. Munemiseks kasutati 
suurema tõenäosusega taimeisendeid, mis kasvasid liigikaaslastest kaugemal 
(olid rohkem isoleeritud). Nimetatud muster võib olla seotud suurest ajastressist 
tingitud vähese elupaigasisese liikuvusega uuritud tähniksinitiival. Lisaks näita-
sid käesoleva töö tulemused, et taimtoidulised imetajad (näiteks metskits) 
võivad põhjustada olulist kahju soo-tähniksinitiiva ja tema toidutaime populat-
sioonidele (III). 
Ogasäär- ja mesika-sinitiiva levikumustrid osutusid väga sarnasteks ning liigid 
jagasid tihti elupaiku. Mõlemad liblikad esinesid suurema tõenäosusega happe-
lise pinnaga niisketel aladel, peamiselt turbarabades. Ka raiesmikele keskendunud 
uuringuosas leiti, et mõlemad liigid esinesid suurema tõenäosusega happelistel, 
kuid kuivadel raiesmikel. Vaatamata sarnasele üldisele elupaigakasutusele ja 
hoolimata uuritud elupaigatüübist ja keskkonnafaktoritest, osutus ogasäär-sini-
tiiva esinemistõenäosus võrreldes mesika-sinitiivaga märkimisväärselt kõrge-
maks. Kirjeldatud muster langeb hästi kokku ogasäär- ja mesika-sinitiiva mutu-
alistidest sipelgate (vastavalt murelased ja kuklased) ökoloogiliste erinevustega. 
Nimelt on kuklased seotud eelkõige soojade ning kuivade elupaikadega, pea-
miselt okasmetsadega, kuid laiema ökoloogilise amplituudiga murelasi leidub 
arvukalt nii liivikutel, niisketel rohumaadel kui ka rabades. Lisaks kinnitavad 
ogasäär- ja mesika-sinitiival läbiviidud töö tulemused raiesmike olulisust ajutise 
elupaigana ka sipelgaseoseliste päevaliblikate jaoks. 
Käesoleva töö tulemused seni uurimata Põhja-Euroopa populatsioonidest on 
olulised nii lokaalses kui laiemas kontekstis. Esiteks parandab töö meie alus-
teaduslikku arusaama mürmekofiilsete päevaliblikate elukäigutunnustest ja öko-
loogiast. Teiseks annab kogutud andmestik olulisi teadmisi kohalike populat-







The studies were performed at the Department of of Zoology at the Institute of 
Ecology and Earth Sciences, University of Tartu, Estonia. This thesis was 
funded by Institutional Research Grant IUT20-33 of the Estonian Ministry of 





It all started some ten years ago when Toomas Tammaru introduced me the 
amazing world of myrmecophilous butterflies. Thank You, Toomas! Without 
You I’d never have embarked on this life-changing journey. I’m thankful to my 
supervisor Toomas Esperk who has had a profound impact on my development 
as a scientist and a human being. Thank you for putting up with me all these 
years! Im heartly thankful to my supervisor Tiit Teder who has been nothing 
short of awesome! Thank You for the gift of critical thinking. Thank you, 
Toomas and Tiit, for helping me connect the theory with the practice! I would 
also like to thank Anu Tiitsaar. Your amazing work in Saaremaa and Muhu 
really laid the foundation for my studies on the endangered Phengaris butter-
flies! I would like to thank Erki Õunap for being a companion in my quest to 
understand the complex life of butterflies. The rain forests of French Guiana 
were never same without you. Thank You Ants Kaasik for your invaluable 
contribution in solving insoluble statistical headaches. Thank you Ly Lindman 
for making science conferences adventures to remember. Thank You Kertu Jaik 
for the countless hours you have put in for conservation of species I love. You 
kept me up when my legs were broken. I would like to thank my family for all 
their support and help! Without You I could not have made this Journey – You 
were the ones keeping my focus on the horizon when the horizon could not be 
seen. A special thanks to my better half, Karolin, and our little son, Han, for the 
love, encouragement, and patience you have given me. I love you. 
41 
REFERENCES 
Ackery PR de Jong R & Vane-Wright RI (1999) The butterflies: Hedyloidea, Hes-
peroidea and Papilionoidea. In: Kristensen NP (ed) Lepidoptera, moths and butter-
flies. 1. Evolution, systematics and biogeography. Handbook of zoology 4 (35), 
Lepidoptera. de Gruyter; Berlin, pp. 263–300 
Akino T, Knapp JJ, Thomas JA & Elmes GW (1999) Chemical mimicry and host 
specificity in the butterfly Maculinea rebeli, a social parasite of Myrmica ant 
colonies. Proceedings of the Royal Society of London B 266:1419–1426 
Als TD, Vila R, Kandul NP, Nash DR, Yen SH, Hsu, YF, Mignault AA, Boomsma JJ & 
Pierce NE (2004) The evolution of alternative parasitic life histories in large blue 
butterflies. Nature 432:386–390 
Andersen AN & Patel AD (1994) Meat ants as dominant members of Australian ant 
communities: an experimental test of their influence on the foraging success and 
forager abundance of other species. Oecologia 98:15–24 
Arnaldo PS, Wynhoff I, Soares P, da Conceição Rodrigues M, Aranha J, Csosz S, 
Maravalhas E & Tartally A (2011) Maculinea alcon exploits Myrmica aloba in 
Portugal: unusual host ant species of a myrmecophilous butterfly in a peripheral 
region. Journal of Insect Conservation 15:465–467 
Árnyas E, Bereczki J, Tóth A, Pecsenye K & Varga Z (2006) Egg-laying preferences of 
the xerophilous ecotype of Maculinea alcon (Lepidoptera: Lycaenidae) in the 
Aggtelek National Park. European Journal of Entomology 103:587–595 
Asher J, Warren M, Fox R, Harding P & Jeffcoate G (2001) The Millennium Atlas of 
Butterflies in Britain and Ireland. Oxford University Press, Oxford, 433 pp 
Atsatt PR (1981) Lycaenid butterflies and ants: selection for enemy-free space. The 
American Naturalist 118:638–654 
Bahn V, O’Connor RJ & Krohn WB (2006) Effect of dispersal at range edges on the 
structure of species ranges. Oikos 115:89–96 
Ballings M & van den Poel D (2015) AUC: Threshold independent performance 
measures for probalistic classifiers. R package version 0.3.0. Accessed on June 6, 
2018 
Ballmer GR & Pratt GF (1992) Quantification of ant attendance (myrmecophily) of 
lycaenid larvae. The Journal of Research on the Lepidoptera 30:95–112 
Balmer O & Erhardt A (2000) Consequences of succession on extensively grazed 
grasslands for Central European butterfly communities: rethinking conservation 
practices. Conservation Biology 14:746–757 
Bartoń K (2018) Package „MuMIn“: multi-model inference. R package version 1.40.4. 
Accessed on April 16, 2018 
Bates D, Maechler M, Bolker B & Walker S (2018) Ime4: Linear mixed-effects models 
using Eigen and S4. R package version 1.1–17. Accessed on June 6, 2018 
Baylis M & Pierce NE (1991) The effect of host-plant quality on the survival of larvae 
and oviposition by adults of an ant-tended lycaenid butterfly, Jalmenus evagoras. 
Ecological Entomology 16:1–9 
Beaumont LJ, Pitman A, Perkins S, Zimmermann NE, Yoccoz NG & Thuiller W (2011) 
Impacts of climate change on the worlds most exceptional ecoregions. Proceedings 
of the National Academy of Sciences of the United States of America 108:2306–2311 
Bellard C, Bertelmeier C, Leadley P, Thuiller W & Courchamp F (2012) Impacts of 
climate change on the future of biodiversity. Ecology Letters 15:365–377 
42 
Belovsky GE & Slade JB (2000) Insect herbivory accelerates nutrient cycling and 
increases plant production. Proceedings of the National Academy of Sciences of the 
United States of America 97:14412–14417 
Beneš J, Konvička M, Dvorak J, Fric Z, Havelda Z, Pavlicko A, Vrabec V & Weiden-
hoffer Z (2002) Motýli České republiky: Rozšíření a ochrana I, II. [Butterflies of the 
Czech Republic: Distribution and Conservation I, II.] SOM, Praha, 857 pp 
Bereczki J, Pecsenye K & Varga Z (2006) Geographical versus food plant differen-
tiation in populations of Maculinea alcon (Lepidoptera: Lycaenidae) in Northern 
Hungary. European Journal of Entomology 103:725–732 
Bereczki J, Pecsenye K, Peregovits L & Varga Z (2005) Pattern of genetic differen-
tiation in the Maculinea alcon species group (Lepidoptera, Lycaenidae) in Central 
Europe. Journal of Zoological Systematics and Evolutionary Research 43:157–165 
Bergman K-O (2002) Population dynamics and importance of habitat management for 
conservation of the butterfly Lopinga achine. Journal of Applied Ecology 38:1303–
1313 
Bergström A (2005) Oviposition site preferences of the threatened butterfly Parnassius 
mnemosyne – implications for conservation. Journal of Insect Conservation 9:21–27 
Binz H, Foitzik S, Staab F & Menzel F (2014) The chemistry of competition: exploi-
tation of heterospecific cues depends on the dominance rank in the community. 
Animal Behaviour 94:45–53 
Boggs CL, Watt WB & Ehrlich PR (2003) Butterflies: Ecology and Evolution Taking 
Flight. University of Chicago Press, Chicago, 756 pp 
Bonebrake T, Christensen J & Boggs C & Ehrlich PR (2010) Population decline assess-
ment, historical baselines, and conservation. Conservation Letters 3:371–378 
Boulanger-Lapointe N, Järvinen A, Partanen R & Herrmann TM (2017) Climate and 
herbivore influence on Vaccinium myrtillus over the last 40 years in northwest 
Lapland, Finland. Ecosphere 8:1–11 
Boulton AM, Davies KF & Ward PF (2005) Species richness, abundance, and com-
position of ground-dwelling ants in northern California grasslands: role of plants, 
soil, and graing. Environmental Entomology 34:96–104 
Brereton TM, Warren MS, Roy DB & Stewart K (2008) The changing status of the 
Chalkhill Blue butterfly Polyommatus coridon in the UK: the impacts of conser-
vation policies and environmental factors. Journal of Insect Conservation 12:629–
638 
Brian MV, Hibble J & Stradling DJ (1965) Ant pattern and density in a southern 
English heath. Journal of Animal Ecology 34:545–555 
Bridle JR, Buckley J, Bodsworth EJ & Thomas CD (2014) Evolution on the move: 
specialization on widespread resources associated with rapid range expansion in 
response to climate change. Proceedings of the Royal Society of London B 
281:20131800 
Bubova T, Vrabec V, Kulma M & Nowicki P (2015) Land management impacts on 
European butterflies of conservation concern: a review. Journal of Insect Conser-
vation 19:805–821 
Burnham KP & Anderson DR (2002) Model Selection and Multimodel Inference: A 
Practical Information-Theoretic Approach. Springer Science+Business Media, New 
York 
Butchart SHM, Walpole M, Collen B, van Strien A, Scharlemann JPW, Almond REA, 
Baillie JEM, Bomhard B, Brown C, Bruno J, Carpenter KE, Carr GM, Chanson, J, 
Chenery, AM, Csirke J, Davidson NC, Dentener F, Foster M, Galli A, Galloway JN, 
43 
Genovesi P, Gregory RD, Hockings M, Kapos V, Lamarque J-F, Leverington F, 
Loh J, McGeoch MA, McRae L, Minasyan A, Morcillo MH, Oldfield TEE, Pauly D, 
Quader S, Revenga C, Sauer JR, Skolnik B, Spear D, Stanwell-Smith D, Stuart SN, 
Symes A, Tierney M, Tyrrell TD, Vié J-C & Watson R (2010) Global Biodiversity: 
Indicators of Recent Declines. Science 328:1164–1168 
Capman WC, Batzli GO & Simms LE (1990) Response of the common sooty wing 
skipper to patches of host plants. Ecology 71:1430–1440 
Casacci LP, Witek M, Barbero F, Patricelli D, Solazzo G, Balletto E & Bonelli S (2011) 
Habitat preferences of Maculinea arion and its Myrmica host ants: implications for 
habitat management in Italian Alps. Journal of Insect Conservation 15:103–110 
Cassel-Lundhagen A, Tammaru T, Windig JJ, Ryrholm N & Nylin S (2009) Are peri-
pheral populations special? Congruent patterns in two butterfly species. Ecography 
32:591–600 
Chapman HM & Bannister P (1994) Vegetative production and performance of Calluna 
vulgaris in New Zealand, with particular reference to Tongariro National Park. New 
Zealand Journal of Ecology 18: 109–121 
Chew FS & Courtney SP (1991) Plant apparency and evolutionary escape from insect 
herbivory. American Naturalist 138:729–750 
Clarke RT, Thomas JA, Elmes G, Wardlaw JC, Munguira ML & Hochberg ME (1998) 
Population modelling of the spatial interactions between Maculinea rebeli, their 
initial foodplant Gentiana cruciata and Myrmica ants within a site. Journal of Insect 
Conservation 2:29–37 
Clarke RT, Thomas JA, Elmes GW & Hochberg ME (1997) The effects of spatial 
patterns in habitat quality on community dynamics within a site. Proceedings of the 
Royal Society of London B 264:347–354 
Collins S (2011) Foraging ecology of Formica rufibarbis Fab. (Hymenoptera: 
Formicidae) on Chobham Common and possible implications for surveying this 
endangered species. Masters Thesis, Imperial College London, September 2011 
Cotrell CB (1984) Aphytophagy in butterflies: its relationships to myrmecophily. 
Zoological Journal of the Linnean Society 79:1–57 
Courtney SP (1982) Coevolution of pierid butterflies and their cruciferous foodplants. 
IV. Crucifer apparency and Anthocharis cardamines (L.) oviposition. Oecologia 
52:258–265 
Czechowski W (2000) Interference of territorial ant species in the course of raids of 
Formica sanguinea Latr. (Hymenoptera, Formicidae). Annales Zoologici 50:35–38 
Czechowski W, Radchenko A & Czechowska W (2002) The ants of Poland: (Hyme-
noptera: Formicidae). Museum & Institute of Zoology PAS, Warsaw, 200 pp 
Czekes Z, Markó B, Nash DR, Ferencz M, Lázár B & Rákosy L (2014) Differences in 
oviposition strategies between two ecotypes of the endangered myrmecophilous 
butterfly Maculinea alcon (Lepidoptera: Lycaenidae) under unique syntopic 
conditions. Insect Conservation and Diversity 7:122–131 
Davis J, Lewis S & Putwain P (2011) The re-creation of dry heathland and habitat for a 
nationally threatened butterfly at Prees Heath Common Reserve, Shropshire. Aspects 
of Applied Biology 108:247–254 
De Jong R, Vane-Wright RI & Ackery PR (1996) The higher classification of butterflies 
(Lepidoptera): problems and prospects. Insect Systematics and Evolution 27:65–101 
Deblauwe I & Dekoninck W (2007) Diversity and distribution of ground-dwelling ants 
in a lowland rainforest in southeast Cameroon. Insectes Sociaux 54:334–342 
44 
Dennis RLH (2004) Just how important are structural elements as habitat components? 
Indications from a declining lycaenid butterfly with priority conservation status. 
Journal of Insect Conservation 8:37–45 
Devictor V, van Swaay C, Brereton T, Brotons L, Chamberlain D, Heliölä J, Herrando S, 
Julliard R, Kuussaari M, Lindström Å, Reif J, Roy DB, Schweiger O, Settele J, 
Stefanescu C, Van Strien A, Van Turnhout C, Vermouzek Z, WallisDeVries M, 
Wynhoff I & Jiguet F (2012) Differences in the climatic debts of birds and 
butterflies at a continental scale. Nature Climate Change 2:121–124 
Diamond JM, Ashmole NP & Purves PE (1989) The present, past and future of human-
caused extinctions. Philosophical Transactions of the Royal Society B 325:469–477 
Dillon ME, Wang G & Huey RB (2010) Global metabolic impacts of recent climate 
warming. Nature 467:704–706 
Dirzo R & Raven PH (2003) Global state of biodiversity and loss. Annual Review of 
Environmental Resources 28:137–167 
Doak DF & Morris WF (2010) Demographic compensation and tipping points in 
climate-induced range shifts. Nature 467:959–962 
Doak P, Kareiva P & Kingsolver J (2006) Fitness consequences of choosy oviposition 
for a time-limited butterfly. Ecology 87:395–408 
Dolek M, Geyer A & Bolz R (1998) Distribution of Maculinea rebeli and host plant use 
on sites along the river Danube. Journal of Insect Conservation 2:85–89 
Dunn R (2005) Modern insect extinctions, the neglected majority. Conservation Biology 
19:1030–1036 
Edwards DP, Woodcock P, Newton RJ, Edwards FA, Andrews DJR, Docherty TDS, 
Mitchell SL, Ota T, Benedick S, Bottrell SH & Hamer KC (2013) Trophic flexibility 
and the persistence of understory birds in intensively logged rainforest. Conser-
vation Biology 27:1079–1086 
Elmes GW & Keller L (1993) Ecological determinants of queen number in ants. Queen 
number and sociality in insects (ed. L. Keller). Oxford University Press, Oxford, pp. 
294–307  
Elmes GW, Clarke RT & Wardlaw JC (1991) Larvae of Maculinea rebeli, a large blue 
butterfly, and their Myrmica host ants: patterns of caterpillar growth and survival. 
Journal of Zoology 224:447–460 
Elmes GW, Thomas JA, Munguira ML & Fiedler K (2001) Larvae of Lycaenid 
butterflies that parasitize ant colonies provide exceptions to normal insect growth 
rules. Biological Journal of the Linnean Society 73:259–278 
Elmes GW, Thomas JA, Wardlaw JC, Hochberg ME, Clarke RT & Simcox DJ (1998) 
The ecology of Myrmica ants in relation to the conservation of Maculinea butter-
flies. Journal of Insect Conservation 2:67–78 
Elmes GW, Wardlaw JC, Schönrogge K, Thomas JA & Clarke RT (2004) Food stress 
causes differential survival of socially parasitic caterpillars of Maculinea rebeli 
integrated in colonies of host and non-host Myrmica ant species. Entomologia 
Experimentalis et Applicata 110:53–63 
Erhardt A & Thomas JA (1991) Lepidoptera as indicators of change in semi-natural 
grasslands of lowland and upland Europe. In: Collins NM & Thomas JA (eds) The 
conservation of insects and their habitats. London: Academic Press, pp. 143–154 
Fahrig L (2003) Effects of habitat fragmentation on biodiversity. Annual Review of 
Ecology, Evolution and Systematics 34:487–515 
45 
Fardila D, Kelly LT, Moore JL & Mccarthy MA (2017) A systematic review reveals 
changes in where and how we have studied habitat loss and fragmentation over 20 
years. Biological Conservation 212:130–138 
Fiedler K (1991a) European and North West African Lycaenidae (Lepidoptera) and 
their associations with ants. The Journal of Research on the Lepidoptera 28:239–
257 
Fiedler K (1991b) Systematic, evolutionary, and ecological implications of myrme-
cophily within the Lycaenidae (Insecta: Lepidoptera: Papilionoidea). Bonner Zoo-
logische Monographien 31:1–210 
Fiedler K (2006) Ant-associates of Palearctic lycaenid butterfly larvae (Hymenoptera: 
Formicidae; Lepidoptera: Lycaenidae) – a review. Myrmecologische Nachrichten 
9:77–87 
Fils KJ & Schmitt T (2015) Niche overlap and host specificity in parasitic Maculinea 
butterflies (Lepidoptera. Lycaenidae) as a measure for potential extinction risks 
under climate change. Organisms Diversity & Evolution 15:555–565 
Firth D (1993) Bias reduction of maximum likelihood estimates. Biometrika 80:27–38 
Fisher RA, Corbet SA & Williams CB (1943) The relation between number of species 
and the number of individuals in a random sample of an animal population. Journal 
of Animal Ecology 12:42–58 
Fox R, Oliver TH, Harrower C, Parsons MS, Thomas CD & Roy DB (2014) Long-term 
changes to the frequency of occurrence of British moths are consistent with 
opposing and synergistic effects of climate and land-use changes. Journal of Applied 
Ecology 51:949–957 
Fox R, Warren MS, Brereton TM, Roy DB & Robinson A (2010) A new Red List of 
British butterflies. Insect Conservation and Diversity 4:159–172 
Fürst MA, Durey M & Nash DR (2012) Testing the adjustable threshold model for 
intruder recognition on Myrmica ants in the context of social parasite. Proceedings 
of the Royal Society of London B 279:516–522 
Gaston KJ (1991) The magnitude of global insect species richness. Conservation 
Biology 5:283–296 
GBIF Backbone Taxonomy, doi:10.15468/39omei. Accessed on April 16, 2018 
Goryunov DN (2015) Nest-building in ants Formica exsecta (Hymenoptera, Formi-
cidae). Entomological Review 95:953–958 
Gotthard K (2000) Increased risk of predation as a cost of high growth rate: an 
experimental test in butterflies. Journal of Animal Ecology 69:896–902 
Griebeler EM & Seitz A (2002) An individual based model for the conservation of the 
endangered Large Blue butterfly, Maculinea arion (Lepidoptera: Lycaenidae). 
Ecological Modelling 156:43–60 
Guerra PA, Gegear RJ & Reppert SM (2014) A magnetic compass aids monarch 
butterfly migration. Nature Communications 5:4164–4164 
Gutierrez D, Leon-Cortes DL, Menendez R, Wilson RJ, Cowley MJR & Thomas CD 
(2001) Metapopulations of four lepidopteran herbivores on a single host plant, Lotus 
corniculatus. Ecology 82:1371–1386 
Haest B, Vanden Borre J, Spanhove T, Thoonen G, Delalieux S, Kooistra L, Mücher 
CA, Paelinckx D, Scheunders P & Kampeneers P (2017) Habitat mapping and 
quality assessment of NATURA 2000 heathland using airborne imaging spectro-
scopy. Remote Sensing 9:266 
Hallmann CA, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan H, Senmans W, 
Müller A, Sumser H, Hörren T, Goulson D & de Kroon H (2017) More than 75 
46 
percent decline over 27 years in total flying insect biomass in protected areas. PLoS 
ONE 12:e0185809 
Hanski I & Thomas CD (1994) Metapopulation dynamics and conservation: a spatially 
explicit model applied to butterflies. Biological Conservation 68:167–180 
Hardy BBT Limited (1989) Manual of plant species suitability for reclamation in 
Alberta – 2ndEdition. Alberta Land Conservation and Reclamation Council Report 
No. RRTAC 89–4. 436 pp. Available at: http://hdl.handle.net/10402/era.22605. 
Accessed April 16, 2018 
Heinze G, Ploner M, Dunkler D & Southworth H (2013) Package ‘logistf’: Firth’s bias 
reduced logistic regression. R package version 1.21. Available at: http://CRAN.R-
project.org/package=logistf. Accessed on November 18, 2015 
Heisswolf A, Obermaier E & Poethke HJ (2005) Selection of large host plants for 
oviposition by a monophagous leaf beetle: nutritional quality or enemy-free space? 
Ecological Entomology 30:299–306 
Helm A, Hanski I & Pärtel M (2006) Slow response of plant species richness to habitat 
loss and fragmentation. Ecology Letters 9:72–77 
Herbers JM & Choiniere E (1996) Foraging behaviour and structure in ants. Animal 
Behaviour 51:141–153 
Hertzog LR, Ebeling A, Meyer ST, Eisenhauer N, Fischer C, Hildebrandt A, Wagg C & 
Weisser WW (2016) High survival of Lasius niger during summer flooding in a 
European grassland. PLoS ONE 11:1–12 
Hill JK, Griffiths HM & Thomas CD (2011) Climate change and evolutionary 
adaptations at species' range margins. Annual Review of Entomology 56:143–159 
Hochberg ME, Clarke RT, Elmes GW & Thomas JA (1994) Population dynamic 
consequences of direct and indirect interactions involving a large blue butterfly and 
its plant and red ant hosts. Journal of Animal Ecology 63:375–391 
Holec M & Frouz J (2006) The effect of two ant species Lasius niger and Lasius flavus 
on soil properties in two contrasting habitats. European Journal of Soil Biology 
42:158–165 
Hölldobler B & Wilson EO (1990) The ants. Harvard University press, Cambridge, 
MA, 732 pp 
Holt RD & Keitt TH (2005) Species’ border: a unifying theme in ecology. Oikos 108:3–6 
Hosmer DW & Lemeshow S (2000) Applied logistic regression, second edition, Wiley, 
Inc., New York 
Hovestadt T & Nieminen M (2009) Costs and benefits of dispersal in butterflies. In 
Settele J, Konvička M, Shreeve TG & Van Dyck H (eds.) Ecology of Butterflies in 
Europe. Cambridge University Press, Cambridge, pp. 97–106 
Hunter CM, Caswell H, Runge MC, Regehr EV, Amstrup SC & Stirling I (2010) Cli-
mate change threatenes polar bear populations: a stochastic demographic analysis. 
Ecology 91:2883–2897 
Jacquemart AL & Thompson JD (1996) Floral and pollination biology of three sym-
patric Vaccinium (Ericaceae) species in the Upper Ardennes, Belgium. Canadian 
Journal of Botany 74:210–221 
Janz N, Nylin S & Wedell N (1994) Host plant utilization in the comma butterfly: 
sources of variation and evolutionary imlpications. Oecologia 99:132–140 
Jensen ES, Peoples MB & Hauggaard-Nielsen H (2010) Faba nean in cropping systems. 
Field Crops Research 115:203–216 
Jordano D & Thomas CD (1992) Specificity of an ant-lycaenid interaction. Oecologia 
91:431–438 
47 
Jordano D, Rodríguez J, Thomas CD & Fernández Haeger J (1992) The distribution and 
density of a lycaenid butterfly in relation to Lasius ants. Oecologia 91:439–446 
Jurgensen MF, Storer AJ & Risch AC (2005) Red wood ants in North America. Annales 
Zoologici Fennici 42:235–242 
Kään H (2002) Saaremaa 1. Loodus. Aeg. Inimene. Eesti Entsüklopeediatoimetus, 
Tallinn 
Kadlec T, Tropek R & Konvička M (2012) Timed surveys and transect walks as com-
parable methods for monitoring butterflies in small plots. Journal of Insect Conser-
vation 16:275–280 
Kadlec T, Vrba P, Kepka P, Schmitt T & Konvička M (2010) Tracking the decline of 
the once-common butterfly: delayed oviposition, demography and population 
genetics in the hermit Chazarabriseis. Animal Conservation 13:172–183 
Kalkman VJ, Van Duinen GA, Esselink J & Kuper JT (2002) New records of Odonata 
from Estonia, with notes on breeding in the Baltic sea and on species assemblages of 
raised bog systems. Notolae Odonotologicae 5:120–152 
Kanizsai O, Lőrinczi G & Gallé L (2013) Nesting associations without interdependence: 
A preliminary review on plesiobiosis in ants. Psyche 2013:238602 
Kelly SL, Song H & Jenkins DG (2015) Land management practices interactively affect 
wetland beetle ecological and phylogenic community structure. Ecological Appli-
cations 25:891–900 
Kodandaramaiah U (2011) The evolutionary significance of butterfly eyespots. 
Behavioral Ecology 22:1264–1271 
Kolev Z (1998) Maculinea arion (L.) in Finland – distribution, state of knowledge and 
conservation. Journal of Insect Conservation 2:91–93 
Konvička M, Benes J, Cizek O, Kopecek F, Konvička O & Vitaz L (2008) How too 
much care kills species: grassland reserves, agri-environmental schemes and 
extinction of the Colias myrmidone butterfly from its former stronghold. Journal of 
Insect Conservation 12:519–525 
Kőrösi Á, Örvössy N, Batary P, Harnos A & Peregovits L (2012). Different habitat 
selection by two sympatric Maculinea butterflies at small spatial scale. Insect 
Conservation and Diversity 5:118–126 
Kőrösi Á, Örvössy N, Batáry P, Kövér S & Pergovits L (2008) Restricted within-habitat 
movement and time-constrained egg laying of female Maculinea rebeli butterflies. 
Oecologia 156:455–464 
Korshunov YP & Gorbunov PY (1995) Dnevnye babochki chasti Rossii. Spravochnik. 
Ural University Press, Ekaterinburg, 202 pp 
Krehenwinkel H & Tautz D (2013) Northern range expansion of European populations 
of the wasp spider Argiope bruennichi is associated with global warming-correlated 
genetic admixture and population-specific temperature adaptations. Molecular 
Ecology 22:2232–2248 
Kudrna O (2002) The distribution atlas of European butterflies. Oedippus 20:1–342 
Küer A & Fartmann T (2005) Prominent shoots are preferred: microhabitat preferences 
of Maculinea alcon ([Denis and Schiffermüller], 1775) in Northern Germany 
(Lycaenidae). Nota Lepidopterologica 27:309–319 
Kukk T & Kull T (2005) Eesti taimede levikuatlas. Atlas of the Estonian flora. EMÜ 
põllumajandus- ja keskkonnainstituut, Tartu, 415 pp 
Lehouck VS, Bonte DB, Dekoninck W & Maelfait J-PE (2004) Trophobiotic relation-
ships between ants (Hymenoptera: Formicidae) and Tettigometridae (Hemiptera: 
48 
Fulgoromorpha) in the grey dunes of Belgium. European Journal of Entomology 
101:547–553 
Lele SR, Keim JL & Solymos P (2017) Package “ResourceSelection”. R Package 
version 0.3–2. Accessed on June 6, 2018 
Lesica P & Allendorf FW (1995) When are peripheral populations valuable for 
conservation? Conservation Biology 9:753–760 
Lindberg H (1948) Zur kenntnis der insektenfauna im brackwasser des Baltischen 
Meeres. Commentationes biologicae, Societas Scientiarum Fennica 10:3–206 
Lindstöm K & Myllyniemi H (1987) Sensitivity of red clover rhizobia to soil acidity 
factors in pure culture and symbiosis. Plant and Soil 98:353–362 
Lõhmus E (2004) Eesti Metsakasvukohatüübid. Eesti Loodusfoto, Tartu, 80 pp 
Losey JE & Vaughan M (2006) The economic value of ecological services provided by 
insects. Bioscience 56:311–323 
Ložienė K (2009) Selection of fecund and chemically valuable clones of thyme 
(Thymus) species growing wild in Lithuania. Industrial Crops and Products 29:502–
508 
Ma J, Huang X, Qin X, Ding Y, Hong J, Du G, Li X, Gao W, Zhang Z, Wang G, Wang 
N & Zhang Z (2017) Large manipulative experiments revealed variations of insect 
abundance and trophic levels in response to the cumulative effects of sheep grazing. 
Scientific Reports 7:11297 
Mabelis AA & Chardon JP (2006) Survival of the trunk ant (Formica truncorum 
Fabricius, 1804; Hymenoptera: Formicidae) in a fragmented habitat. Myrmecolo-
gische Nachrichten 9:1–11 
Mabelis AA & Korczyńska J (2012) Can the Black bog ant (Formica picea Nyl.) 
survive in the Bieszczady National Park (SE Poland)? Fragmenta Faunistica 
55:123–130 
Macadam CR & Stockan JA (2015) More than just fish food: ecosystem services 
provided by freshwater insects. Ecological Entomology 40:113–123 
Maes D &Van Dyck H (2005) Habitat quality and biodiversity indicator performances 
of at hreatened butterfly versus a multispecies group for wet heathlands in Belgium. 
Biological Conservation 123:177–187 
Maes D, van Dyck H, Vanreusel W & Talloen W (2004) Functional conservation units 
for the endangered butterfly Maculinea alcon in Belgium (Lepidoptera: Lycae-
nidae). Biological Conservation 120:233–245 
Malicky H (1969) Versuch einer analyse der Ökologischen Beziehungen zwischen 
Lycaeniden (Lepidoptera) und Formiciden (Hymenoptera). Tijdschrift Voor 
Entomologie 112:213–298 
Markó B & Czechowski W (2004): Lasius psammophilus Seifert and Formica cinerea 
Mayr (Hymenoptera: Formicidae) on sand dunes: conflicts and coexistence. Annales 
Fennici Zoologici 54:365–378 
Martin LA & Pullins AS (2004) Host-plant specialisation and habitat restriction in an 
endangered insect, Lycaena dispar batavus (Lepidoptera: Lycaenidae) I. Larval 
feeding and oviposition preferences. European Journal of Entomology 101:51–56 
Masing V (1984) Estonian Bogs: Plant Cover, Succession and Classification. In: Moore 
PD (ed) European Mires. Academic Press, London, pp. 119–148 
Mattila N, Kaitala V, Komonen A, Päivinen J & Kotiaho JS (2011) Ecological corre-
lates of distribution change and range shift in butterflies. Insect Conservation and 
Diversity 4:239–246 
49 
Merrill RM, Dasmahapatra KK, Davey JW, Dell’Aglio DD, Hanly JJ, Huber B, Jiggins 
CD, Joron M, Kozak KM, Llaurens V, Martin SH, Montgomery SH, Morris J, 
Nadeau NJ, Pinharanda AL, Rosser N, Thompson MJ, Vanjari S, Wallbank RW & 
Yu Q (2015) The diversification of Heliconius butterflies: what have we learned in 
150 years? Journal of Evolutionary Biology 28:1417–1438 
Meyer-Hozak C (2000) Population biology of Maculinea rebeli (Lepidoptera: 
Lycaenidae) on chalk grasslands of Eastern Westphalia (Germany) and implications 
for conservation. Journal of Insect Conservation 4:63–72 
Moritz C, Langham G, Kearney M, Krockenberger A, VanDerWal J & Williams S 
(2012) Integrating phylogeography and physiology reveals divergence of thermal 
traits between central and peripheral lineages of tropical rainforest lizards. 
Philosophical Transactions of the Royal Society B 367:1680–1687 
Munday PL (2004) Habitat loss, resource specilization, and extinction on coral reefs. 
Global Change Biology 10:1642–1647 
Nash DR & Boomsma JJ (2008) Communication between hosts and social parasites. In 
Sociobiology of Communication – an interdisciplinary approach (ed. P d’Ettorre & 
DP Hughes). Oxford: Oxford University Press, pp. 55–79 
New TR, Pyle RM, Thomas JA, Thomas CD & Hammond PC (1995) Butterfly 
Conservation Management. Annual Review of Entomology 40:57–83 
Nishikawa H, Iga M, Yamaguchi J, Saito K, Kataoka H, Suzuki Y, Sugano S & 
Fujiwara H (2013) Molecular basis of wing coloration in a Batesian mimic butterfly, 
Papilio polytes. Scientific Reports 3:3184 
Nowicki P, Witek M, Skórka P & Woyciechowski M (2005) Oviposition patterns in the 
myrmecophilous butterfly Maculinea alcon Denis and Schiffermüller (Lepidoptera: 
Lycaenidae) in relation to characteristics of foodplants and presence of ant hosts. 
Polish Journal of Environmental Studies 53:409–417 
Öckinger E & Smith HG (2007) Semi-natural grasslands as population sources for 
pollinating insects in agricultural landscapes. Journal of Applied Ecology 44:50–59 
Ollerton J, Erenler H, Edwards M & Crockett R (2014) Extinctions of aculeate 
pollinators in Britain and the role of large-scale agricultural changes. Science 
346:1360–1362 
Ollerton J, Winfree R & Tarrant S (2011) How many flowering plants are pollinated by 
animals? Oikos 120:321–326 
Osborne M, Sharp A, Monzingo J, Propst DL & Turner TF (2012) Genetic analysis 
suggests high conservation value of peripheral populations of Chihuahau chub (Gila 
nigrescens). Conservation Genetics 13:1317–1328 
Oškinis V (2012) Relationship between the butterfly Phengaris rebeli and its larval host 
plant Gentiana cruciata in Lithuanian population. Ekologija 58:369–373 
Osváth-Ferencz M, Czekes Z, Molnár G, Markó B, Vizauer T-Z, Rákosy L & Nowicki 
P (2016) Adult population ecology and egg laying strategy in the “cruciata” ecotype 
of the endangered butterfly Maculinea alcon (Lepidoptera: Lycaenidae). Journal of 
Insect Conservation 20:255–264 
Õunap E & Tartes U (2014) Eesti päevaliblikad. Kirjastus Varrak, Tallinn, pp. 295 
Palmer TM (2004) Wars of attrition: colony size determines competitive outcomes in a 
guild of African acacia ants. Animal Behaviour 68:993–1004 
Paradis E, Claude J & Strimmer K (2004) APE: analyses of phylogenetics and evolution 
in R language. Bioinformatics 20:289–290 
Parmesan C (2006) Ecological and evolutionary responses to recent climate change. 
Ecological Evolution 37:637–669 
50 
Parmesan C, Duarte CM, Poloczanska E, Richardson AJ & Singer MC (2011) Over-
stretching attribution. Nature Climate Change 1:2–4 
Patricelli D, Barbero F, La Morgia V, Casacci LP, Witek M, Balletto E & Bonelli S 
(2011) To lay or not to lay: oviposition of Maculinea arion in relation to Myrmica 
ant presence and host plant phenology. Animal Behaviour 82:791–799 
Pech P, Fric Z & Konvička M (2007) Species-specificity of the Phengaris (Maculinea) – 
Myrmica host system: fact or myth? (Lepidoptera: Lycaenidae; Hymenoptera: 
Formicidae). Sociobiology 50:983–1003 
Pech P, Fric Z, Konvička M & Zrzavý J (2004) Phylogeny of Maculinea blues 
(Lepidoptera: Lycaenidae) based on morphological and ecological characters: 
evolution of parasitic myrmecophily. Cladistics 20:362–375 
Pecsenye K, Bereczki J, Tihanyi B, Tóth A, Pergovits L & Varga ZS (2007) Genetic 
differentiation among the Maculinea species (Lepidoptera: Lycaenidae) in eastern 
Central Europe. Biological Journal of Linnean Society 91:11–21 
Pereira HM, Leadley PW, Proenca V, Alkemade R, Scharlemann JPW, Fernandez-
Manjarres JF, Araujo MB, Balvanera O, Biggs Reinette, Cheung WWL, Chini L, 
Cooper HD, Gilman EL, Guénette S, Hurtt GC, Huntington HP, Mace GM, 
Oberdorff T, Revenga C, Rodrigues P, Scholes RJ, Sumaila UR & Walpole M 
(2010) Scenarios for global biodiversity in the 21st century. Science 330:1496–1501 
Péténian F & Nève G (2003) Influence of spatial structure on genetic isolation in 
Plebejus argus populations (Lepidoptera: Lycaenidae). Hereditas 138:179–186 
Pierce NE & Elgar MA (1985) The influence of ants on host plant selection by 
Jalmenus evagoras, a myrmecophilous lycaenid butterfly. Behavioural Ecology and 
Sociobiology 16:202–222 
Pierce NE, Braby MF, Heath A, Lohman DJ, Mathew J, Rand DB & Travassos MA 
(2002) The Ecology and Evolution of Ant Association in the Lycaenidae (Lepi-
doptera). Annual Review of Entomology 47:733–771 
Pierce NE, Kitching RL, Buckley RC, Taylor MFJ & Benbow KF (1987) The costs and 
benefits of cooperation between the Australian lycaenid butterfly, Jalmenus 
evagoras, and its attendant ants. Behavioural Ecology and Sociobiology 21:237–248 
Pimm SL & Raven P (2000) Biodiversity: extinction by numbers. Nature 403:843–845 
Pontin AJ (1996) Species recovery programme report on the ant Formica rufibarbis F. 
English Nature Report. Peterborough: English Nature 
Porter K (1992) Eggs and egg-laying. In: Dennis RLH (ed) The ecology of butterflies in 
Britain. Oxford University Press, Oxford, pp 46–72 
Poschlod P, Bakker JP & Kahmen S (2005) Changing land use and its impact on 
biodiversity. Basic and Applied Ecology 6:93–98 
Pullin AS (1995) Ecology and conservation of butterflies. Chapman & Hall, London 
Pullin AS (1996) Restoration of butterfly populations in Britain. Restoration Ecology 
4:71–80 
Punttila P, Haila Y, Pajunen T & Tukia H (1991) Colonisation of clearcut forests by 
ants in the southern Finnish taiga: a quantitative survey. Oikos 61:250–262 
R Development Core Team (2015) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna 
Radchenko A, Czechowska W, Czechowski W & Siedlar E (1999) Lasius niger (L.) 
and Lasius platythorax Seifert (Hymenoptera, Formicidae) – a revolution in Polish 
myrmecological faunistics and zoocenology? Fragmenta Faunistica 42:103–113 
Radchenko AG & Elmes GW (2010) Myrmica Ants (Hymenoptera: Formicidae) of the 
Old World. Warsaw, Poland, 789 pp 
51 
Ravenscroft NOM & Warren MS (1996) Species action plan. The silver-studded blue. 
Wareham: Butterfly Conservation 
Ravenscroft NOM (1990) The ecology and conservation of the silver-studded blue 
butterfly Plebejus argus L. on the sandlings of East Anglia, England. Biological 
Conservation 53:21–36 
Ridsdill-Smith TJ & Matthiessen JN (1988) Bush fly, Musca vetustissima Walker 
(Diptera: Muscidae), control in relation to seasonal abundance of scarabaeine dung 
beetles (Coleoptera: Scarabaeidae) in south-western Australia. Bulletin of Entomo-
logical Research 78:633–639 
Robinson EJH, Tofilski A & Ratnieks FLW (2008) The use of native and non-native 
tree species for foraging and nesting habitat by the wood-ant Formica lugubris 
(Hymenoptera: Formicidae). Myrmecological News 11:1–7 
Rosengren R (1986) Competition and coexistence in an insular ant community – a 
manipulation experiment (Hymenoptera: Formicidae). Annales Zoologici Fennici 
23:287–302 
Rosin ZM, Myczko L, Skórka P, Lenda M, Moron D, Sparks TH & Tryjanowski P 
(2011) Butterflt respomses to environmental factors in fragmented calcareous 
grasslands. Journal of Insect Conservation 16:321–329 
Rowe KC, Rowe KM, Tingley MW, Koo MS, Patton JL, Conroy C, Perrine JD, 
Beissinger SR & Moritz C (2015) Spatially heterogeneous impact of climate change 
on small mammals of montane California. Proceedings of the Royal Society of 
London B 282:20141857 
Saaristo M (1995) Distribution maps of the outdoor myrmicid ants (Hymenoptera, 
Formicidae) of Finland, with notes on their taxonomy and ecology. Entomologica 
Fennica 6:153–62 
Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald E, 
Huenneke LF, Jackson RB, Kinzig A, Leemans R, Lodge DM, Mooney HA, 
Oesterheld M, Poff NL, Sykes MT, Walker BH, Walker M & Wall DH (2000). 
Global biodiversity scenarios for the year 2100. Science 287:1770–1774 
Samways MJ (2007) Insect conservation: a synthetic management approach. Annual 
Review of Ecology and Systematics 52:465–487 
Sang A & Teder T (2011) Dragonflies cause spatial and temporal heterogeneity in 
habitat quality for butterflies. Insect Conservation and Diversity 4:257–264 
Savolainen R & Vepsäläinen K (1988) A competition hierarchy among boreal ants: 
impact on resource partitioning and community structure. Oikos 51:135–155 
Schmidt DJ, Hughes JM (2006) Genetic affinities among subspecies of a widespread 
Australian lycaenid butterfly, Ogyris amaryllis (Hewitson). Austrian Journal of 
Zoology 54:429–446 
Schönrogge K, Wardlaw JC, Thomas JA & Elmes GW (2000) Polymorphic growth 
rates in myrmecophilous insects. Proceedings of the Royal Society of London B 
267:771–777 
Schönrogge K, Wardlaw JC, Peters AJ, Everett S, Thomas JA & Elmes GW (2004) 
Changes in chemical signature and host specificity from larval retrieval to full social 
intregration in the myrmecophilous butterfly Maculinea rebeli. Journal of Chemical 
Ecology 30:91–107 
Schtickzelle N, Mennechez G & Baguette M (2006) Dispersal depression with habitat 
fragmentation in the bog fritillary butterfly. Ecology 87:1057–1065 
Schubert E, Mengel K & Schubert S (1989) Soil pH and calcium effect on nitrogen 
fixation and Growth of Board Bean. Agronomy Journal 82:969–972  
52 
Schultz CB & Chang GC (1998) Challenges in insect conservation: managing 
fluctuating populations in disturbed environments. In: P Fiedler & P Kareiva (eds) 
Conservation biology for the coming decade. Chapman Hall, New York, pp. 228–
254 
Seifert B (1996) Ameisen: beobachten, bestimmen. Naturbuch Verlag, Augsburg, pp 
351 
Seifert B (2007) Die Ameisen Mittel- und Nordeuropas. Lutra Verlagsund Vertriebs-
gesellschaft, Görlitz 
Seifert B (2017) The ecology of Central European non-arboreal ants – 37 years of a 
broad-spectrum analysis under permanent taxonomic control. Soil Organisms 89:1–
67 
Seppä P, Helanterä H, Chernenko A, Trontti K, Punttila P & Sundström L (2009) 
Population genetics of the black ant Formica lemani (Hymenoptera: Formicidae). 
Biological Journal of the Linnean Society 97:247–258 
Settele J, Kühn E & Thomas JA (eds.) (2005) Studies on the ecology and conservation 
of butterflies in Europe. Volume 2: Species ecology along a European gradient: 
Maculinea butterflies as a model. Pensoft, Sofia 
Seymour AS, Gutierrez D & Jordano D (2003) Dispersal of the lycaenid Plebejus argus 
in response to patches of its mutualist ant Lasius niger. Oikos 103:162–174 
Seymoure BM (2018) Enlightening butterfly conservation efforts: The importance of 
natural lighting for butterfly behavioural ecology and conservation. Insects 9:22 
Shreeve TG (1986) Egg-laying by the speckled wood butterfly (Pararge aegeria): the 
role of female behaviour, host plant abundance and temperature. Ecological Ento-
mology 11:229–236 
Siddique R, Donie YJ, Gomard G, Yalamanchili S, Merdzhanova T, Lemmer U & 
Hölscher H (2017) Bioinspired phase-separated disordered nanostructures for thin 
photovoltaic absorbers. Science Advances 3:e1700232 
Sielezniew M & Stankiewicz AM (2007) Differences in the development of the closely 
related myrmecophilous butterflies Maculinea alcon and M. rebeli (Lepidoptera: 
Lycaenidae). European Journal of Entomology 104:433–444 
Sielezniew M & Stankiewicz AM (2008) Myrmica sabuleti (Hymenoptera: Formicidae) 
not neccessary for the survival of the population of Phengaris (Maculinea) arion 
(Lepidoptera: Lycaenidae) in eastern Poland: Lower host-ant specificity or evidence 
for geographical variation of an endangered social parasite? European Journal of 
Entomology 105:637–641 
Sielezniew M, Patricelli D, Dziekańska I, Barbero F, Bonelli S, Casacci LP, Witek M & 
Balletto E (2010b) The first record of Myrmica lonae (Hymenoptera: Formicidae) as 
a host of the socially parasitic Large Blue butterfly Phengaris (Maculinea) arion 
(Lepidoptera: Lycaenidae). Sociobiology 56:465–476 
Sielezniew M, Ponikwicka-Tyszko D, Ratkiewicz M, Dziekanska I, Kostro-Ambroziak 
A & Rutkowski R (2011) Divergent patterns in the mitochondrial and nuclear 
diversity of the specialized butterfly Plebejus argus (Lepidoptera: Lycaenidae). 
European Journal of Entomology 108:537–545 
Sielezniew M, Włostowski M & Dziekańska I (2010a) Myrmica schencki (Hyme-
noptera: Formicidae) as the primary host of Phengaris (Maculinea) arion (Lepi-
doptera: Lycaenidae) at heathlands in Eastern Poland. Sociobiology 55:95–106 
Sielezniew, M, Dziekańska I & Stankiewicz-Fiedurek AM (2010c) Multiple host-ant 
use by the predatory social parasite Phengaris (=Maculinea) arion (Lepidoptera, 
Lycaenidae). Journal of Insect Conservation 14:141–149 
53 
Singer M (1983) Determinants of multiple host use by a phytophagous insect popu-
lation. Evolution 37:389–403 
Skórka P, Witek, M & Woyciechowski M (2006) A simple and nondestructive method 
for estimation of worker population size in Myrmica ant nests. Insectes Sociaux 
53:97–100 
Ślipiński P, Marko B, Rzeszowski K, Babik H & Czechowski W (2014) Lasius 
fuliginosus (Hymenoptera: Formicidae) shapes local ant assemblages. North-West 
Journal of Zoology 10:404–412 
Smallwood J & Culver DC (1979) Colony movements of some North American ants. 
Journal of Animal Ecology 48:373–382 
Spiller DA & Schoener TW (1998) Lizards reduce spider species richness by excluding 
rare species. Ecology 79:503–516 
Stankiewicz AM, Sielezniew M & Švitra G (2004) Myrmica schencki (Hymenoptera: 
Formicidae) rears Maculinea rebeli (Lepidoptera: Lycaenidae) in Lithuania: new 
evidence for geographical variation of host-ant specificity of an endangered 
butterfly. Myrmecologische Nachrichten 7:51–54 
Stefanescu C, Carnicer J & Peñuelas J (2011) Determinants of species richness in 
generalist and specialist Mediterranean butterflies: the negative synergistic forces of 
climate and habitat change. Ecography 34:353–363 
Steiner FM, Schlick-Steiner BC, Höttinger H, Nikiforov A, Moder A & Christian E 
(2006) Maculinea alcon and M. rebeli (Insecta: Lepidoptera: Lycaenidae) – one or 
two alcon blues? Larval cuticular compounds and egg morphology of East Austrian 
populations. Annales des Naturhistorischen Museums in Wien 107B:165–180 
Steiner FM, Sielezniew M, Schlick-Steiner BC, Höttinger A, Stankiewicz H & Górnicki 
A (2003) Host specificity revisited: new data on Myrmica host ants of the lycaenid 
butterfly Maculinea rebeli. Journal of Insect Conservation 7:1–6 
Stewart KEJ, Bourne NAD & Thomas JA (2001) An evaluation of three quick methods 
commonly used to assess sward height in ecology. Journal of Applied Ecology 
38:1148–1154 
Stork NE, McBroom J, Gely C & Hamilton HJ (2015) New approaches narrow global 
species estimates for beetles, insects, and terrestrial arthropods. Proceedings of the 
National Academy of Sciences of the United States of America 112:7519–7523 
Stukalyuk SV (2017) Interactions of three dominant ant species, Lasius emargi-
natus (Ol.), Formica rufa L., and Lasius fuliginosus (Latr.) (Hymenoptera, Formi-
cidae) among themselves and with subordinate species in broadleaf forests. 
Communication 1. Entomological Review 97:747–767 
Sundström L (1995) Sex Allocation and Colony Maintenance in Monogyne and 
Polygyne Colonies of Formica truncorum (Hymenoptera: Formicidae): The impact 
of kinship and mating structure. American Naturalist 146:182–201 
Syrett P, Smith LA, Bourner TC, Fowler SV & Wilcox A (2000) A European pest to 
control a New Zealand weed: investigating the safety of heather beetle, Lochmaea 
suturalis (Coleoptera: Chrysomelidae) for biological control of heather, Calluna 
vulgaris. Bulletin of Entomological Research 90:169–178 
Tartally A, Koschuh A & Varga Z (2014) The re-discovered Maculinea rebeli 
(Hirschke, 1904): Host ant usage, parasitoid and initial food plant around the type 
locality with taxonomical aspects (Lepidoptera, Lycaenidae). ZooKeys 406:25–40 
Tartally A, Nash DR, Lengyel S & Varga Z (2008) Patterns of host ant use by sympatric 
populations of Maculinea alcon and M.‘rebeli’ in the Carpathian Basin. Insectes 
Sociaux 55:370–381 
54 
Tartally A, Tóth JP, Váradi A & Bereczki J (2017) First data on the host ant usage of 
Large Blue from the Carpathian basin. Sociobiology 64:122–124 
Therry L, Nilsson-Örtman V, Bonte D & Stoks R (2014) Rapid evolution of larval life 
history, adult immune function and flight muscles in a poleward-moving damselfly. 
Journal of Evolutionary Biology 27:141–152 
Thomas CD & Hanski I (1997) Butterfly metapopulations. In: Hanski I, Gilpin ME 
(eds) Metapopulation biology: ecology, genetics and evolution. Academic press, San 
Diego, California, pp. 359–386 
Thomas CD & Harrison S (1992) Spatial dynamics of a patchily distributed butterfly 
species. Journal of Animal Ecology 61:437–446 
Thomas CD (1985a) Specializations and polyphagy of Plebejus argus (Lepidoptera: 
Lycaenidae) in North Wales. Ecological Entomology 10:325–340 
Thomas CD (1985b) The status and conservation of the butterfly Plebejus argus 
(Lepidoptera: Lycaenidae) in north west Britain. Biological Conservation 33:29–51 
Thomas CD, Glen SWT, Lewis OT, Hill JK & Blakeley DS (1999) Population differen-
tiation and conservation of endemic races: the butterfly, Plebejus argus. Animal 
Conservation 2:15–21 
Thomas JA & Elmes GW (1998) Higher productivity at the cost of increased host-
specificity when Maculinea butterfly larvae exploit ant colonies trough trophallaxis 
rather than by predation. Ecological Entomology 23:457–464 
Thomas JA & Lewington R (1991) The butterflies of Britain and Ireland. Dorling 
Kindersley, London 
Thomas JA & Settele J (2004) Butterfly mimics of ants. Nature 432:283–284 
Thomas JA & Wardlaw JC (1992) The capacity of a Myrmica ant nest to support a 
predacious species of Maculinea butterfly. Oecologia 91:101–109 
Thomas JA (1980) Why did the Large Blue become extinct in Britain? Oryx 15:243–
247 
Thomas JA (1991) Rare species conservation: case studies of European butterflies. In 
Spellerberg IF, Goldsmith FB, Morris MG (eds) The scientific management of 
temperate communities for conservation. Blackwell Scientific, Oxford, pp 149–197 
Thomas JA (2002) Larval niche selection and evening exposure enhance adoption of a 
predacious social parasite, Maculinea arion (large blue butterfly), by Myrmica ants. 
Oecologia 132:531–537 
Thomas JA (2005) Monitoring change in the abundance and distribution of insects 
using butterflies and other indicator groups. Philosophical Transactions of the Royal 
Society B: Biological Sciences 360:339–357 
Thomas JA, Elmes GW, Sielzeniew M, Stankiewicz-Fiedurek A, Simcox DJ, Settele J 
& Schönrogge K (2013) Mimetic host shifts in an endangered social parasite of ants. 
Proceedings of the Royal Society of London B 280: 20122336 
Thomas JA, Elmes GW, Wardlaw JC & Woyciechowski M (1989) Host specificity 
among Maculinea butterflies in Myrmica ant nests. Oecologia 79:452–457 
Thomas JA, Munguira ML, Martin J & Elmes GW (1991) Basal hatching by Maculinea 
butterly eggs: a consequence of advanced myrmecophily? Biological Journal of the 
Linnean Society 44:175–184 
Thomas JA, Simcox DJ & Clarke RT (2009) Successful conservation of a threatened 
Maculinea butterfly. Science 325:80–83 
Thomas JA, Simcox DJ, Wardlaw JC, Elmes GW, Hochberg ME & Clarke RT (1998) 
Effects of latitude, altitude and climate on the habitat and conservation of the 
55 
endangered butterfly Maculinea arion and its Myrmica ant hosts. Journal of Insect 
Conservation 2:39–46 
Thomas JA, Telfer MG, Roy DB, Preston CD, Greenwood JJ, Asher J, Fox R, Clarke 
RT & Lawton JH (2004) Comparative losses of British butterflies, birds, and plants 
and the global extinction crisis. Science 303:1879–1881 
Tiitsaar A, Kaasik A & Teder T (2013) The effects of seasonally variable dragonfly 
predation on butterfly assemblages. Ecology 94:200–207 
Trigos Peral G, Markó B, Babik H, Tăuşan I, Maák I, Pálfi Z, Ślipiński P, Czekes Z & 
Czechowski W (2016) Differential impact of two dominant Formica ant species 
(Hymenoptera, Formicidae) on subordinates in temperate Europe. Journal of 
Hymenoptera Research 50:97–116 
Tscharntke T, Steffan-Dewenter I, Kruess A & Thies C (2002) Characteristics of insect 
populations on habitat fragments: a mini review. Ecological Research 17:229–239 
Tseng M, Kaur KM, Soleimani Pari S, Sarai K, Chan D, Yao CH, Porto P, Toor A, Toor 
HS & Fograscher K (2018) Decreases in beetle body size linked to climate change 
and warming temperatures. Journal of Animal Ecology 87:647–659 
Valdés A & Ehrlén J (2017) Direct and plant trait-mediated effects of the local environ-
mental context on butterfly oviposition patterns. Oikos 00:1–9 
Van Dyck H & Regniers S (2010) Egg spreading in the ant-parasitic butterfly, 
Maculinea alcon: from individual behaviour to egg distribution pattern. Animal 
Behaviour 80:621–627 
Van Dyck H, Van Strien AJ, Maes D & Van Swaay C (2009) Declines in common, 
widespread butterflies in a landscape under intense human use. Conservation 
Biology 23:957–965 
Van Swaay CAM & Warren MS (1999) Red Data Book of European butterflies 
(Rhopalocera). Nature and Environment No. 99, Council of Europe Publishing  
Van Swaay CAM & Warren MS (2006) Prime Butterfly Areas of Europe: an initial 
selection of priority sites for conservation. Journal of Insect Conservation 10:5–11 
Van Swaay CAM, Collins S, Dušej G, Maes D, Munguira M, L, Rakosy L, Ryrholm N, 
Šašić M, Settele J, Thomas JA, Verovnik R, Verstrael T, Warren M,Wiemers M & 
Wynhoff I (2012) Dos and Don’ts for butterflies of the Habitats Directive of the 
European Union. Nature Conservation 1:73–153 
Van Swaay CAM, Warren MS & Loïs G (2006) Biotope use and trends of European 
butterflies. Journal of Insect Conservation 10:189–209 
Van Swaay, CAM, Cuttelod A, Collins S, Maes D, López Munguira M, Šašić M, 
Settele J, Verovnik R, Verstrael T, Warren M, Wiemers M & Wynhoff I (2010) 
European Red List of Butterfies. Luxembourg, Publications Office of the European 
Union 
Vasconcelos HL, Macedo ACC & Vilhena JMS (2003) Influence of topography on the 
distribution of ground-dwelling ants in an Amaonian forest. Studies on Neotropical 
Fauna and Environment 38:115–124 
Vele A, Holusa J & Frouz J (2009) Sampling for ants in different-aged spruce forests: A 
comparison of methods. European Journal of Soil Biology 45:301–305 
Vepsäläinen K & Czechowski W (2014) Against the odds of the ant competition 
hierarchy: submissive Myrmica rugulosa block access of the dominant Lasius 
fuliginosus to its aphids. Insectes Sociaux 61:89–93 
Vepsäläinen K & Pisarski B (1982) Assembly of island ant communities. Annales 
Zoologici Fennici 19:327–335 
56 
Vepsäläinen K, Ikonen H & Koivula MJ (2007) The structure of ant assemblages in an 
urban area of Helsinki, Southern Finland. Annales Zoologici Fennici 45:109–127 
Viljur M-L & Teder T (2016) Butterflies take advantage of contemporary forestry: 
Clear-cuts as temporary grasslands. Forest Ecology and Management 376:118–125 
Virtanen T & Neuvonen S (1999) Climate change and macrolepidopteran biodiversity 
in Finland. Chemosphere – Global Change Science 1:439–448 
Wahlberg N, Klemetti T, Selonen V & Hanski I (2002) Metapopulation structure and 
movements in five species of checkerspot butterflies. Oecologia 130:33–43 
Wallace AR (1865) On the phenomena of variation and geographical distribution as 
illustrated by the Papilionidae of the Malayan region. Transactions of the Linnean 
Society of London 25:1–71 
WallisDeVries MF (2004) A quantitative conservation approach for the endangered 
butterfly Maculinea alcon. Conservation Biology 18:489–499 
Wang RJ, Wang YF, Chen JJ, Lei GC & Xu RM (2004) Contrasting movement patterns 
in two species of checkerspot butterflies, Euphydryas aurinia and Melitaea phoebe, 
in the same patch network. Ecological Entomology 29:367–374 
Waring P (2001) Grazing and cutting as conservation management tools: the need for 
cautious approach, with some examples of rare moths which have been adversely 
affected. The Entomologist’s Record and Journal of Variation 113:193–200 
Warren MS, Hill JK, Thomas JA, Asher J, Huntley B, Roy DB, Telfer MG, Jeffcoate S, 
Harding P, Jeffcoate G, Willis SG, Greatorex-Davies JN, Moss D & Thomas CD 
(2001) Rapid responses of British butterflies to opposing forces of climate and 
habitat change. Nature 414:65–69 
Weiss N, Zucchi H & Hochkirch A (2013) The effects of grassland management and 
aspect on Orthoptera diversity and abundance: site conditions are as important as 
management. Biodiversity Conservation 22:2167–2178 
Wheeler WM (1915) The ants of the Baltic amber. Schriften der Physikalisch-
Ökonomischen Gesellschaft zu Königsberg in Pr 55:1–142 
Wiklund C & Friberg M (2008) Enemy-free space and habitat-specific host speciali-
zation in a butterfly. Oecologia 157:287–294 
Wiklund C (1984) Egg-laying patterns in butterflies in relation to their phenology and 
the visual apparency and abundance of their host plants. Oecologia 63:23–29 
Wikstroem L, Milberg P & Bergman K-O (2009) Monitoring of butterflies in semi-
natural grasslands: diurnal variation and weather effects. Journal of Insect Con-
servation 13:203–211 
Winfree R, Bartomeus I, Cariveau DP (2011) Native pollinators in antropogenic 
habitats. Annual Review of Ecology, Evolution, and Systematics 42:1–22 
Witek M, Śliwińska EB, Skórka P, Nowicki P, Wantuch M, Vrabec V, Settele J & 
Woyciechowski M (2008) Host ant specificity of large blue butterflies Phengaris 
(Maculinea) (Lepidoptera: Lycaenidae) inhabiting humid grasslands in East-Central 
Europe. European Journal of Entomology 105:871–877 
Woodcock BA, Isaac NJ, Bullock JM, Roy DB, Garthwaite DG, Crowe A & Pywell RF 
(2016) Impacts of neonicotinoid use on long-term population changes in wild bees 
in England. Nature Communications 7:12459 
Wynhoff I (1998) The recent distribution of the European Maculinea species. Journal of 
Insect Conservation 2:15–29 
Wynhoff I, Bakker RB, Oteman B, Seixas Arnaldo P & Van Langevelde F (2015) 
Phengaris (Maculinea) alcon butterflies deposit their eggs on tall plants with many 
57 
large buds in the vicinity of Myrmica ants. Insect Conservation and Diversity 8:177–
188 
Yang LH & Gratton C (2014) Insects as drivers of ecosystem processes. Current 
Opinion in Insect Science 2:26–32 
Zobel M, Otsus M, Rünk K & Liira J (2005) Can long-distance dispersal shape the local 












Name: Margus Vilbas 
Date of birth: 01.02.1985 
Citizenship: Estonian 
Current position: University of Tartu, Institute of Ecology and Earth 
Sciences, PhD student 
Contact: Department of Zoology, Institute of Ecology and Earth 
Sciences, Vanemuise 46, 51014, Tartu, Estonia 
E-mail margus85@ut.ee, margusvilbas@gmail.com 
 
Education: 
2012– University of Tartu, Doctoral studies in Zoology and 
Hydrobiology (Zoology) 
2010–2012 University of Tartu, MSc Ecology and Biodiversity 
Conservation 
2008–2010 University of Tartu, BSc Ecology and Biodiversity 
Conservation 
2004–2007 Tartu Aviation College, Helicopter piloting (unfinished) 
2001–2004 Rapla Co-educational Gymnasium 
1993–2001 Valgu Elementary School 
1992–1993 Eidapere Elementary School 
 
Research interest: butterfly ecology and conservation, myrmecophily 
 
Publications: 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T, Esperk T (2018) Two 
obligately myrmecophilous butterflies regularly share habitat despite 
different host ants. Manuscript 
Vilbas M, Teder T, Tiitsaar A, Kaasik A & Esperk T (2015) Habitat use of the 
endangered parasitic butterfly Phengaris arion close to its northern distri-
bution limit. Insect Conservation and Diversity 8:252–260 
 
Conference presentations: 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Oral 
presentation ‘Endangered myrmecophiles at the northern range margin: the 
story of Phengaris butterflies’ The Graduate Seminar of Insect Evolutionary 
Ecology. Vana-Veski, Estonia, 4th to 6th May 2017.  
121
Vilbas M, Esperk T, Edovald T, Kaasik A & Teder T (2016) Oviposition site 
selection of the Alcon blue butterfly at the northern range margin. Journal of 
Insect Conservation 20:1059–1067 
Vilbas M, Esperk T, Teder T (2016) Host ant use of the Alcon blue butterfly at 
the northern range margin. Journal of Insect Conservation 20:879–886 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Poster pre-
sentation ‘Habitat requirements of the endangered parasitic butterfly 
Phengaris arion close to the northern distribution limit’ The 7th Inter-
national Conference on the Biology of Butterflies. Turku, Finland, 11th to14th 
August 2014. 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Oral 
presentation ‘Habitat requirements of the endangered parasitic butterfly 
Phengaris arion close to the northern distribution limit’ Butterfly Conser-
vation’s 7th International Symposium: The ecology and conservation of 
butterflies and moths. Southampton, United Kingdom, 3rd to 6th April 2014. 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Poster pre-
sentation ‘The ecology of Phengaris arion in Estonia’ Future of butterflies in 
Europe III. Wageningen, Netherlands, 29th to 31st March 2012. 
 
Dissertations supervised: 
Triin Edovald, Master’s Degree, 2015, Margus Vilbas, Tiit Teder. Soo-tähnik-
sinitiiva (Phengaris alcon) (Lepidoptera: Lycaenidae) munemispaiga valik 
liigi levila põhjapiiril (Oviposition site selection of Phengaris alcon (Lepi-
doptera: Lycaenidae) at the specis northern range margin). University of 
Tartu, Faculty of Science and Technology, Insitute of Ecology and Earth 
Sciences, Department of Zoology. 
Ingrid Talgre, Bachelor’s Degree, 2013, Tiit Teder, Margus Vilbas. Tähnik-
sinitiibade Phengaris alcon ja P. rebeli levik ja ökoloogia – mida tuleks 
arvestada liigi kaitse kavandamisel (Distribution and ecology of Phengaris 
alcon and P. rebeli – implications for conservation planning). University of 
Tartu, Faculty of Science and Technology, Insitute of Ecology and Earth 







Nimi: Margus Vilbas 
Sünniaeg: 01.02.1985 
Kodakondsus: Estonia 
Töökoht: Tartu Ülikool, Ökoloogia ja Maateaduste Instituut, doktorant 
Kontakt: Zooloogia osakond, Ökoloogia ja Maateaduste Instituut, 
Vanemuise 46, 51014, Tartu, Eesti 
E-post: margus85@ut.ee, margusvilbas@gmail.com 
 
Haridus: 
2012– Tartu Ülikool, Zooloogia ja hüdrobioloogia (Zooloogia), 
doktoriõpe 
2010–2012 Tartu Ülikool, MSc Ökoloogia ja elustiku kaitse 
2008–2010 Tartu Ülikool, BSc Ökoloogia ja elustiku kaitse 
2004–2007 Lartu Lennukolledž, helikopteri piloteerimine (lõpetamata) 
2001–2004 Rapla Ühisgümnaasium 
1993–2001 Valgu Põhikool 
1992–1993 Eidapere Põhikool 
 
Peamised uurimisvaldkonnad:  
päevaliblikate ökoloogia ja kaitse, mürmekofiilia 
 
Publikatsioonide loetelu: 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T, Esperk T (2018) Two 
obligately myrmecophilous butterflies regularly share habitat despite dif-
ferent host ants. Viimistlemisjärgus käsikiri 
Vilbas M, Esperk T, Teder T (2016) Host ant use of the Alcon blue butterfly at 
the northern range margin. Journal of Insect Conservation 20:879–886 
Vilbas M, Teder T, Tiitsaar A, Kaasik A & Esperk T (2015) Habitat use of the 
endangered parasitic butterfly Phengaris arion close to its northern 
distribution limit. Insect Conservation and Diversity 8:252–260 
 
Konverentsiettekanded: 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Suuline 
ettekanne ‘Endangered myrmecophiles at the northern range margin: the 
story of Phengaris butterflies’ teemakoolis The Graduate Seminar of Insect 
Evolutionary Ecology. Vana-Veski, Eesti, 4.–6. mai 2017.  
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Poster-
ettekanne ‘Habitat requirements of the endangered parasitic butterfly Phen-
garis arion close to the northern distribution limit’konverentsil The 7th 
123
Vilbas M, Esperk T, Edovald T, Kaasik A & Teder T (2016) Oviposition site 
selection of the Alcon blue butterfly at the northern range margin. Journal of 
Insect Conservation 20:1059–1067 
International Conference on the Biology of Butterflies. Turu, Soome, 11.–
14. august 2014. 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Suuline 
ettekanne ‘Habitat requirements of the endangered parasitic butterfly Phen-
garis arion close to the northern distribution limit’ konverentsil Butterfly 
Conservation’s 7th International Symposium: The ecology and conservation 
of butterflies and moths. Southampton, Suurbritannia, 3.–6. aprill 2014. 
Vilbas M, Teder T, Tiitsaar A, Kaasik A, Tammaru T and Esperk T. Poster-
ettekanne ‘The ecology of Phengaris arion in Estonia’ konverentsil Future 
of butterflies in Europe III. Wageningen, Holland, 29.–31. märts 2012. 
 
Juhendatud väitekirjad: 
Triin Edovald, magistrikraad, 2015, Margus Vilbas, Tiit Teder. Soo-tähnik-
sinitiiva (Phengaris alcon) (Lepidoptera: Lycaenidae) munemispaiga valik 
liigi levila põhjapiiril. Tartu Ülikool, Loodus- ja Tehnoloogia teaduskond, 
Ökoloogia ja Maateaduste Instituut, Zooloogia osakond. 
Ingrid Talgre, bakalaureusekraad, 2013, Tiit Teder, Margus Vilbas. Tähnik-
sinitiibade Phengaris alcon ja P. rebeli levik ja ökoloogia – mida tuleks 
arvestada liigi kaitse kavandamisel. Tartu Ülikool, Loodus- ja Tehnoloogia 







  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 
  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion trans-
port and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-
toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transpos-
able elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 
strain EST 1001. Tartu, 1992, 61 p. 
  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 
Pseudomonas sp. strain EST 1001 and their transcriptional activation in 
Pseudomonas putida. Tartu, 1992, 72 p. 
  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 
  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli 
ribosome. Tartu, 1993, 68 p. 
  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. The development of an automatic online dynamic fluo-
rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 
11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 
12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 
1993, 47 p. 
13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  
13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 
14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 
transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 
framework and its application in the population study of the great tit 
(Parus major). Tartu, 1995, 118 p. 
17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 
transgenic plants. Tartu, 1996, 158 p. 
18. Illar Pata. Cloning and characterization of human and mouse ribosomal 
protein S6-encoding genes. Tartu, 1996, 60 p. 
19. Ülo Niinemets. Importance of structural features of leaves and canopy in 
determining species shade-tolerance in temperature deciduous woody 
taxa. Tartu, 1996, 150 p. 
126 
20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 
region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 
21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 
100 p. 
22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor 
transcription factors in neurogenesis. Tartu, 1996, 109 p. 
23. Maido Remm. Human papillomavirus type 18: replication, transforma-
tion and gene expression. Tartu, 1997, 117 p. 
24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  
124 p. 
25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p. 
26. Meelis Pärtel. Species diversity and community dynamics in calcareous 
grassland communities in Western Estonia. Tartu, 1997, 124 p. 
27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: 
distribution, morphology and taxonomy. Tartu, 1997, 186 p. 
28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,  
80 p. 
29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 
responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 
30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of  
23S rRNA. Tartu, 1997, 134 p. 
31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of 
Riga ecosystem. Tartu, 1997, 138 p. 
32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 
water bodies. Tartu, 1997, 138 p. 
33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 
34. Andres Saag. Evolutionary relationships in some cetrarioid genera 
(Lichenized Ascomycota). Tartu, 1998, 196 p. 
35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36.  Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 
eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis 
on the competition and coexistence of calcareous grassland plant species. 
Tartu, 1998, 78 p. 
38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keropla-
tidae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 
1998, 200 p.  
39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 
Tartu, 1998, 98 p. 
40. Arnold Kristjuhan. Studies on transcriptional activator properties of 
tumor suppressor protein p53. Tartu, 1998, 86 p. 
41.  Sulev Ingerpuu. Characterization of some human myeloid cell surface 
and nuclear differentiation antigens. Tartu, 1998, 163 p. 
127 
42.  Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 
factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 
43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied 
genera (Hypocreales, Ascomycota). Tartu, 1998, 178 p. 
44. Markus Vetemaa. Reproduction parameters of fish as indicators in en-
vironmental monitoring. Tartu, 1998, 117 p. 
45. Heli Talvik. Prepatent periods and species composition of different Oeso-
phagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 
104 p. 
46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 
47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 
77 p. 
48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 
49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 
50. Rein Kalamees. Seed bank, seed rain and community regeneration in 
Estonian calcareous grasslands. Tartu, 1999, 107 p. 
51.  Sulev Kõks. Cholecystokinin (CCK) – induced anxiety in rats: influence 
of environmental stimuli and involvement of endopioid mechanisms and 
serotonin. Tartu, 1999, 123 p. 
52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 
53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p. 
54. Andres Valkna. Interactions of galanin receptor with ligands and  
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p. 
55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 
101 p. 
56.  Ana Rebane. Mammalian ribosomal protein S3a genes and intron-
encoded small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 
57.  Tiina Tamm. Cocksfoot mottle virus: the genome organisation and trans-
lational strategies. Tartu, 2000, 101 p. 
58. Reet Kurg. Structure-function relationship of the bovine papilloma virus 
E2 protein. Tartu, 2000, 89 p. 
59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p. 
60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. 
Tartu, 2000, 88 p. 
61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 
protein p53. Tartu, 2000, 106 p. 
128 
62. Kai Vellak. Influence of different factors on the diversity of the bryo-
phyte vegetation in forest and wooded meadow communities. Tartu, 2000, 
122 p. 
63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 
structure and functions of benthic macrofauna. Tartu, 2000, 160 p. 
64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the 
inner sea the West-Estonian archipelago. Tartu, 2000, 139 p. 
65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 
Estonia. Tartu, 2000. 124 p. 
66. Jaan Liira. On the determinants of structure and diversity in herbaceous 
plant communities. Tartu, 2000, 96 p. 
67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu, 
2001, 111 p. 
68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 
ecological and evolutionary consequences. Tartu, 2001, 122 p. 
69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 
transport across the plasma membrane. Tartu, 2001, 80 p. 
70. Reet Marits. Role of two-component regulator system PehR-PehS and 
extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 
Carotovora. Tartu, 2001, 112 p. 
71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 
major, breeding in Nothern temperate forests. Tartu, 2002, 126 p. 
72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in Pseudo-
monas putida. Tartu, 2002, 108 p. 
73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 
illumination on the structure of a species-rich grassland community. 
Tartu, 2002, 74 p. 
74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance 
of six temperate deciduous tree species. Tartu, 2002, 110 p. 
75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002, 
112 p. 
76. Neeme Tõnisson. Mutation detection by primer extension on oligonucleo-
tide microarrays. Tartu, 2002, 124 p. 
77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003, 110 p. 
78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003, 168 p. 
79. Viljar Jaks. p53 – a switch in cellular circuit. Tartu, 2003, 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 
cassette (ABC) transporters. Tartu, 2003, 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation 
to productivity. Tartu, 2003, 159 p 
82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 
papillomavirus type 1. Tartu, 2003, 89 p.  
129 
83. Andres Männik. Design and characterization of a novel vector system 
based on the stable replicator of bovine papillomavirus type 1. Tartu, 
2003, 109 p. 
84.  Ivika Ostonen. Fine root structure, dynamics and proportion in net pri-
mary production of Norway spruce forest ecosystem in relation to site 
conditions. Tartu, 2003, 158 p. 
85.  Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 
Tartu, 2003, 199 p. 
86.  Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted eagle 
A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004, 159 p.  
87.  Aare Abroi. The determinants for the native activities of the bovine 
papillomavirus type 1 E2 protein are separable. Tartu, 2004, 135 p. 
88.  Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004, 116 p. 
89.  Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 
feeders and mesograzers in the northern Baltic Sea. Tartu, 2004, 117 p. 
90.  Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 
perennial plants and their effect on plant performance. Tartu, 2004, 175 p.  
91.  Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004, 109 p. 
92.  Kristiina Tambets. Towards the understanding of post-glacial spread of 
human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004, 163 p. 
93.  Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004, 
103 p. 
94.  Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 
protein p53. Tartu, 2004, 103 p. 
95.  Jaak Truu. Oil shale industry wastewater: impact on river microbial  
community and possibilities for bioremediation. Tartu, 2004, 128 p. 
96.  Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 
2004, 105 p. 
97.  Ülo Maiväli. Studies on the structure-function relationship of the bacterial 
ribosome. Tartu, 2004, 130 p.  
98.  Merit Otsus. Plant community regeneration and species diversity in dry 
calcareous grasslands. Tartu, 2004, 103 p. 
99. Mikk Heidemaa. Systematic studies on sawflies of the genera Dolerus, 
Empria, and Caliroa (Hymenoptera: Tenthredinidae). Tartu, 2004, 167 p. 
100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 
N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004, 111 p. 
101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 
in greenfinches. Tartu, 2004, 144 p.  
102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 
Tartu, 2004, 142 p. 
103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 
plasmid pEST4011. Tartu, 2005. 106 p.  
130 
104. Andres Tover. Regulation of transcription of the phenol degradation 
pheBA operon in Pseudomonas putida. Tartu, 2005, 126 p. 
105. Helen Udras. Hexose  kinases  and  glucose transport  in  the  yeast Han-
senula  polymorpha. Tartu, 2005, 100 p. 
106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005, 162 p. 
107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005, 
162 p.  
108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005, 156 p. 
109. Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005, 121 p. 
110. Juhan Javoiš. The effects of experience on host acceptance in ovipositing 
moths. Tartu, 2005, 112 p.  
111. Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005, 103 p.  
112. Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 
distribution, population structure and ecology. Tartu, 2005, 112 p.  
113. Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA 
operon in Pseudomonas putida. Tartu, 2005, 106 p.  
114. Mait Metspalu. Through the course of prehistory in india: tracing the 
mtDNA trail. Tartu, 2005, 138 p.  
115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 
European populations and its implication for genetic association studies. 
Tartu, 2006, 124 p. 
116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006, 126 p. 
117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 
Putida. Tartu, 2006, 120 p. 
118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006, 126 p. 
119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 
satellite images. Tartu, 2006, 90 p. 
120. Lea Tummeleht. Physiological condition and immune function in great 
tits (Parus major l.): Sources of variation and trade-offs in relation to 
growth. Tartu, 2006, 94 p. 
121. Toomas Esperk. Larval instar as a key element of insect growth sche-
dules. Tartu, 2006, 186 p.  
122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region: Diets, helminth parasites and genetic variation. Tartu, 2006. 102 p. 
123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida albi-
cans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 
124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007, 
123 p.  
131 
125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007, 143 p.  
126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007, 89 p.  
127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community struc-
ture in Estonia, Seychelles and Australia. Tartu, 2007, 233 p.  
128. Marko Mägi. The habitat-related variation of reproductive performance of 
great tits in a deciduous-coniferous forest mosaic: looking for causes and 
consequences. Tartu, 2007, 135 p.  
129. Valeria Lulla. Replication strategies and applications of Semliki Forest 
virus. Tartu, 2007, 109 p.  
130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 
conservation. Tartu, 2007, 79 p. 
131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 
and local factors. Tartu, 2007, 171 p. 
132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 
cooperation. Tartu, 2007, 112 p. 
133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 
damage defense systems in avoidance of stationary phase mutations in 
Pseudomonas putida. Tartu, 2007, 172 p. 
134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007, 96 p.  
135. Priit Kilgas. Blood parameters as indicators of physiological condition 
and skeletal development in great tits (Parus major): natural variation and 
application in the reproductive ecology of birds. Tartu, 2007, 129 p.  
136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 
fish communities. Tartu, 2007, 95 p.  
137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008, 
128 p. 
138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 
2008, 125 p. 
139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008, 99 p. 
140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008, 133 p. 
141. Reidar Andreson. Methods and software for predicting PCR failure rate 
in large genomes. Tartu, 2008, 105 p.  
142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008, 175 p. 
143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 
Tartu, 2008, 98 p.  
144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 
190 p. 
145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 
inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 
132 
146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 
147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches – assessment of the costs of immune activation and mechanisms of 
parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 
2008, 124 p. 
148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p. 
149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild 
carnivores and ungulates. Tartu, 2008, 82 p. 
150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 
151. Janne Pullat. Design, functionlization and application of an in situ synthe-
sized oligonucleotide microarray. Tartu, 2008, 108 p. 
152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 
metabolic and stress signals. Tartu, 2008, 142 p.  
153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 
physical obstructions. Tartu, 2008, 106 p. 
154. Marge Starast. Influence of cultivation techniques on productivity and 
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  
155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 
2009, 104 p. 
156. Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 
Pseudomonas putida. Tartu, 2009, 124 p. 
157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p. 
158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 
the replication and interactions of alphaviruses and hepaciviruses. Tartu, 
2009, 104 p. 
159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 
Instability in its Host Cell. Tartu, 2009, 126 p. 
160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 
young duplicated genes. Tartu, 2009, 168 p. 
161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 
Tartu, 2009, 86 p. 
162. Triinu Remmel. Body size evolution in insects with different colouration 
strategies: the role of predation risk. Tartu, 2009, 168 p. 
163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 
predation in lake ecosystems. Tartu, 2009, 129 p. 
164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 
complex coastal environments. Tartu, 2009, 109 p.  
133 
165. Liisa Metsamaa. Model-based assessment to improve the use of remote 
sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 
2009, 114 p. 
166. Pille Säälik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p. 
167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,  
147 p. 
168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 
capacity and shade tolerance among plant functional groups. Tartu, 2009, 
99 p. 
169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 
mechanisms under starvation stress. Tartu, 2009, 191 p. 
170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p. 
171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p. 
172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 
folliculogenesis. Tartu, 2010, 179 p. 
173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 
Seychelles Islands. Tartu, 2010, 107 p. 
174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 
sea. Tartu, 2010, 123 p. 
175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 
variably proton-coupled mechanism. Tartu, 2010, 121 p.  
176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 
177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 
178. Egle Köster. Morphological and genetical variation within species comp-
lexes: Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 
101 p. 
179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 
Geometridae). Tartu, 2010, 111 p.  
180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 
and p-cresol in pseudomonads. Tartu, 2010, 125 p. 
181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 
species on sediment properties and benthic communities in the northern 
Baltic Sea. Tartu, 2010, 123 p. 
182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 
approaches. Tartu, 2010, 161 p. 
183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 
ecosystem. Tartu, 2010, 126 p.  
184. Toomas Silla. Study of the segregation mechanism of the Bovine 
Papillomavirus Type 1. Tartu, 2010, 188 p. 
134 
185. Gyaneshwer Chaubey. The demographic history of India: A perspective 
based on genetic evidence. Tartu, 2010, 184 p. 
186. Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 
variation in Estonian and Czech populations. Tartu, 2010, 164 p. 
187. Virve Sõber. The role of biotic interactions in plant reproductive per-
formance. Tartu, 2010, 92 p. 
188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 
189. Joachim M. Gerhold. Replication and Recombination of mitochondrial 
DNA in Yeast. Tartu, 2010, 120 p. 
190. Helen Tammert. Ecological role of physiological and phylogenetic diver-
sity in aquatic bacterial communities. Tartu, 2010, 140 p. 
191. Elle Rajandu. Factors determining plant and lichen species diversity and 
composition in Estonian Calamagrostis and Hepatica site type forests. 
Tartu, 2010, 123 p. 
192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 
193. Siim Sõber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p. 
194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination. 
Tartu, 2011, 178 p. 
195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. 
Tartu, 2011, 134 p. 
196. Tambet Tõnissoo. Identification and molecular analysis of the role of 
guanine nucleotide exchange factor RIC-8 in mouse development and 
neural function. Tartu, 2011, 110 p. 
197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.  
198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 
trends and response to environmental pressures. Tartu, 2011, 157 p. 
199. Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 
Tartu, 2011, 152 p. 
200. Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 
transcription elongation. Tartu, 2011, 108 p. 
201. Kristjan Välk. Gene expression profiling and genome-wide association 
studies of non-small cell lung cancer. Tartu, 2011, 98 p. 
202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions. 
Tartu, 2011, 153 p. 
203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 
143 p.  
135 
205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   
206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  
207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p. 
208. Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 
communities. Tartu, 2011, 97 p. 
209. Elin Sild. Oxidative defences in immunoecological context: validation and 
application of assays for nitric oxide production and oxidative burst in a 
wild passerine. Tartu, 2011, 105 p. 
210. Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 
211. Pauli Saag. Natural variation in plumage bacterial assemblages in two 
wild breeding passerines. Tartu, 2012, 113 p. 
212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein sub-
strate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 
213. Mari Järve. Different genetic perspectives on human history in Europe 
and the Caucasus: the stories told by uniparental and autosomal markers. 
Tartu, 2012, 119 p. 
214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 
215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 
216. Triinu Kõressaar. Improvement of PCR primer design for detection of 
prokaryotic species. Tartu, 2012, 83 p. 
217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 
individual variation and responses to immune system manipulation. Tartu, 
2012, 117 p. 
218.  Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 
219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-
ferent spatial scales. Tartu, 2012, 165 p. 
220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 
amphipathic cell-penetrating peptides induces influx of calcium ions and 
downstream responses. Tartu, 2012, 113 p. 
221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general 
population. Tartu, 2012, 171 p. 
222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 
223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 
syringae pv. tomato DC3000: heterologous expression, biochemical 
characterization, mutational analysis and spectrum of polymerization pro-
ducts. Tartu, 2012, 160 p. 
136 
224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p. 
225. Tõnu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu, 
2012, 149 p. 
226. Timo Arula. Ecology of early life-history stages of herring Clupea haren-
gus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 
227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 
grassland ecosystems. Tartu, 2012, 130 p. 
228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 
plant community patterns and regeneration in boreonemoral forest. Tartu, 
2012, 114 p.  
229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 
Tartu, 2012, 122 p. 
230. Kaupo Kohv. The direct and indirect effects of management on boreal 
forest structure and field layer vegetation. Tartu, 2012, 124 p. 
231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. 
Tartu, 2012, 114 p. 
232. Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 
233. Rauno Veeroja. Effects of winter weather, population density and timing 
of reproduction on life-history traits and population dynamics of moose 
(Alces alces) in Estonia. Tartu, 2012, 92 p.  
234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern Eura-
sia. Tartu, 2013, 142 p.  
235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 
236. Liis Uusküla. Placental gene expression in normal and complicated 
pregnancy. Tartu, 2013, 173 p. 
237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 
cerevisiae. Tartu, 2013, 112 p. 
238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.   
239. Heidi Tamm. Comprehending phylogenetic diversity – case studies in 
three groups of ascomycetes. Tartu, 2013, 136 p.  
240. Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-
Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-
synthetic Bacteria. Tartu, 2013, 150 p.  
241. Margus Leppik. Substrate specificity of the multisite specific pseudo-
uridine synthase RluD. Tartu, 2013, 111 p. 
242. Lauris Kaplinski. The application of oligonucleotide hybridization model 
for PCR and microarray optimization. Tartu, 2013, 103 p. 
243. Merli Pärnoja. Patterns of macrophyte distribution and productivity in 
coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p. 
244. Tõnu Margus. Distribution and phylogeny of the bacterial translational 
GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p. 
137 
245. Pille Mänd. Light use capacity and carbon and nitrogen budget of plants: 
remote assessment and physiological determinants. Tartu, 2013, 128 p.  
246. Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural, 
biochemical and psychopharmacological characterization. Tartu, 2013,  
144 p.  
247. Georgi Hudjašov. Maps of mitochondrial DNA, Y-chromosome and tyro-
sinase variation in Eurasian and Oceanian populations. Tartu, 2013,  
115 p. 
248.  Mari Lepik. Plasticity to light in herbaceous plants and its importance for 
community structure and diversity. Tartu, 2013, 102 p. 
249. Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia. 
Tartu, 2013, 151 p.  
250. Ülle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-
nemoral forest ecosystems. Tartu, 2013, 151 p.  
251.  Eneli Oitmaa. Development of arrayed primer extension microarray 
assays for molecular diagnostic applications. Tartu, 2013, 147 p. 
252. Jekaterina Jutkina. The horizontal gene pool for aromatics degradation: 
bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013, 
121 p. 
253. Helen Vellau. Reaction norms for size and age at maturity in insects: rules 
and exceptions. Tartu, 2014, 132 p.  
254. Randel Kreitsberg. Using biomarkers in assessment of environmental 
contamination in fish – new perspectives. Tartu, 2014, 107 p.  
255. Krista Takkis. Changes in plant species richness and population per-
formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p. 
256. Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent 
pregnancy loss. Tartu, 2014, 211 p.  
257. Triin Triisberg. Factors influencing the re-vegetation of abandoned 
extracted peatlands in Estonia. Tartu, 2014, 133 p. 
258. Villu Soon. A phylogenetic revision of the Chrysis ignita species group 
(Hymenoptera: Chrysididae) with emphasis on the northern European 
fauna. Tartu, 2014, 211 p. 
259. Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis 
for the Detection of Positive-Strand RNA Viruses by Vertebrate Host 
Cells. Tartu, 2014, 207 p. 
260. Eele Õunapuu-Pikas. Spatio-temporal variability of leaf hydraulic con-
ductance in woody plants: ecophysiological consequences. Tartu, 2014, 
135 p.  
261. Marju Männiste. Physiological ecology of greenfinches: information con-
tent of feathers in relation to immune function and behavior. Tartu, 2014, 
121 p. 
262. Katre Kets. Effects of elevated concentrations of CO2 and O3 on leaf photo-
synthetic parameters in Populus tremuloides: diurnal, seasonal and inter-
annual patterns. Tartu, 2014, 115 p. 
138 
263. Külli Lokko. Seasonal and spatial variability of zoopsammon commu-
nities in relation to environmental parameters. Tartu, 2014, 129 p.  
264. Olga Žilina. Chromosomal microarray analysis as diagnostic tool: Esto-
nian experience. Tartu, 2014, 152 p.  
265. Kertu Lõhmus. Colonisation ecology of forest-dwelling vascular plants 
and the conservation value of rural manor parks. Tartu, 2014, 111 p. 
266. Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu, 
2014, 167 p.  
267. Chandana Basu Mallick. Genetics of adaptive traits and gender-specific 
demographic processes in South Asian populations. Tartu, 2014, 160 p. 
268.  Riin Tamme. The relationship between small-scale environmental hetero-
geneity and plant species diversity. Tartu, 2014, 130 p. 
269. Liina Remm. Impacts of forest drainage on biodiversity and habitat qua-
lity: implications for sustainable management and conservation. Tartu, 
2015, 126 p.  
270. Tiina Talve. Genetic diversity and taxonomy within the genus Rhinanthus. 
Tartu, 2015, 106 p. 
271. Mehis Rohtla. Otolith sclerochronological studies on migrations, spawning 
habitat preferences and age of freshwater fishes inhabiting the Baltic Sea. 
Tartu, 2015, 137 p. 
272. Alexey Reshchikov. The world fauna of the genus Lathrolestes (Hyme-
noptera, Ichneumonidae). Tartu, 2015, 247 p. 
273. Martin Pook. Studies on artificial and extracellular matrix protein-rich 
surfaces as regulators of cell growth and differentiation. Tartu, 2015, 142 p. 
274. Mai Kukumägi. Factors affecting soil respiration and its components in 
silver birch and Norway spruce stands. Tartu, 2015, 155 p. 
275. Helen Karu. Development of ecosystems under human activity in the 
North-East Estonian industrial region: forests on post-mining sites and 
bogs. Tartu, 2015, 152 p. 
276. Hedi Peterson. Exploiting high-throughput data for establishing relation-
ships between genes. Tartu, 2015, 186 p. 
277.  Priit Adler. Analysis and visualisation of large scale microarray data, 
Tartu, 2015, 126 p.  
278.  Aigar Niglas. Effects of environmental factors on gas exchange in deci-
duous trees: focus on photosynthetic water-use efficiency. Tartu, 2015, 
152 p.  
279. Silja Laht. Classification and identification of conopeptides using profile 
hidden Markov models and position-specific scoring matrices. Tartu, 2015, 
100 p. 
280.  Martin Kesler. Biological characteristics and restoration of Atlantic 
salmon Salmo salar populations in the Rivers of Northern Estonia. Tartu, 
2015, 97 p. 
281. Pratyush Kumar Das. Biochemical perspective on alphaviral nonstruc-
tural protein 2: a tale from multiple domains to enzymatic profiling. Tartu, 
2015, 205 p 
139 
282.  Priit Palta. Computational methods for DNA copy number detection. 
Tartu, 2015, 130 p.  
283. Julia Sidorenko. Combating DNA damage and maintenance of genome 
integrity in pseudomonads. Tartu, 2015, 174  p.  
284.  Anastasiia Kovtun-Kante. Charophytes of Estonian inland and coastal 
waters: distribution and environmental preferences. Tartu, 2015, 97 p. 
285. Ly Lindman. The ecology of protected butterfly species in Estonia. Tartu, 
2015, 171 p. 
286. Jaanis Lodjak. Association of Insulin-like Growth Factor I and Corti-
costerone with Nestling Growth and Fledging Success in Wild Passerines. 
Tartu, 2016, 113 p.  
287.  Ann Kraut. Conservation of Wood-Inhabiting Biodiversity – Semi-Natural 
Forests as an Opportunity. Tartu, 2016, 141 p. 
288. Tiit Örd. Functions and regulation of the mammalian pseudokinase TRIB3. 
Tartu, 2016, 182. p. 
289. Kairi Käiro. Biological Quality According to Macroinvertebrates in 
Streams of Estonia (Baltic Ecoregion of Europe): Effects of Human-induced 
Hydromorphological Changes. Tartu, 2016, 126 p. 
290.  Leidi Laurimaa. Echinococcus multilocularis and other zoonotic parasites 
in Estonian canids. Tartu, 2016, 144 p. 
291. Helerin Margus. Characterization of cell-penetrating peptide/nucleic acid 
nanocomplexes and their cell-entry mechanisms. Tartu, 2016, 173 p. 
292. Kadri Runnel. Fungal targets and tools for forest conservation. Tartu, 
2016, 157 p.  
293. Urmo Võsa. MicroRNAs in disease and health: aberrant regulation in lung 
cancer and association with genomic variation. Tartu, 2016, 163 p.  
294.  Kristina Mäemets-Allas. Studies on cell growth promoting AKT signa-
ling pathway – a promising anti-cancer drug target. Tartu, 2016, 146 p. 
295. Janeli Viil. Studies on cellular and molecular mechanisms that drive 
normal and regenerative processes in the liver and pathological processes 
in Dupuytren’s contracture. Tartu, 2016, 175 p. 
296. Ene Kook. Genetic diversity and evolution of Pulmonaria angustifolia L. 
and Myosotis laxa sensu lato (Boraginaceae). Tartu, 2016, 106 p. 
297. Kadri Peil. RNA polymerase II-dependent transcription elongation in 
Saccharomyces cerevisiae. Tartu, 2016, 113 p.  
298. Katrin Ruisu. The role of RIC8A in mouse development and its function 
in cell-matrix adhesion and actin cytoskeletal organisation. Tartu, 2016, 
129 p.   
299. Janely Pae. Translocation of cell-penetrating peptides across biological 
membranes and interactions with plasma membrane constituents. Tartu, 
2016, 126 p.   
300. Argo Ronk. Plant diversity patterns across Europe: observed and dark 
diversity. Tartu, 2016, 153 p. 
140 
301. Kristiina Mark. Diversification and species delimitation of lichenized 
fungi in selected groups of the family Parmeliaceae (Ascomycota). Tartu, 
2016, 181 p. 
302. Jaak-Albert Metsoja. Vegetation dynamics in floodplain meadows: 
influence of mowing and sediment application. Tartu, 2016, 140 p. 
303. Hedvig Tamman. The GraTA toxin-antitoxin system of Pseudomonas 
putida: regulation and role in stress tolerance. Tartu, 2016, 154 p. 
304. Kadri Pärtel. Application of ultrastructural and molecular data in the 
taxonomy of helotialean fungi. Tartu, 2016, 183 p. 
305. Maris Hindrikson. Grey wolf (Canis lupus) populations in Estonia and 
Europe: genetic diversity, population structure and -processes, and hybridi-
zation between wolves and dogs. Tartu, 2016, 121 p. 
306. Polina Degtjarenko. Impacts of alkaline dust pollution on biodiversity of 
plants and lichens: from communities to genetic diversity. Tartu, 2016,  
126 p. 
307.  Liina Pajusalu. The effect of CO2 enrichment on net photosynthesis of 
macrophytes in a brackish water environment. Tartu, 2016, 126 p.  
308. Stoyan Tankov. Random walks in the stringent response. Tartu, 2016,  
94 p. 
309.  Liis Leitsalu. Communicating genomic research results to population-
based biobank participants. Tartu, 2016, 158 p. 
310. Richard Meitern. Redox physiology of wild birds: validation and appli-
cation of techniques for detecting oxidative stress. Tartu, 2016, 134 p. 
311. Kaie Lokk. Comparative genome-wide DNA methylation studies of healthy 
human tissues and non-small cell lung cancer tissue. Tartu, 2016, 127 p. 
312. Mihhail Kurašin. Processivity of cellulases and chitinases. Tartu, 2017, 
132 p. 
313. Carmen Tali. Scavenger receptors as a target for nucleic acid delivery 
with peptide vectors. Tartu, 2017, 155 p. 
314. Katarina Oganjan. Distribution, feeding and habitat of benthic sus-
pension feeders in a shallow coastal sea. Tartu, 2017, 132 p. 
315.  Taavi Paal. Immigration limitation of forest plants into wooded landscape 
corridors. Tartu, 2017, 145 p.  
316. Kadri Õunap. The Williams-Beuren syndrome chromosome region protein 
WBSCR22 is a ribosome biogenesis factor. Tartu, 2017, 135 p. 
317.  Riin Tamm. In-depth analysis of factors affecting variability in thiopurine 
methyltransferase activity. Tartu, 2017, 170 p. 
318.  Keiu Kask. The role of RIC8A in the development and regulation of mouse 
nervous system. Tartu, 2017, 184 p. 
319.  Tiia Möller.  Mapping and modelling of the spatial distribution of benthic 
macrovegetation in the NE Baltic Sea with a special focus on the eelgrass 
Zostera marina Linnaeus, 1753. Tartu, 2017, 162 p. 
320. Silva Kasela. Genetic regulation of gene expression: detection of tissue- 
and cell type-specific effects. Tartu, 2017, 150 p. 
141 
321. Karmen Süld. Food habits, parasites and space use of the raccoon dog 
Nyctereutes procyonoides: the role of an alien species as a predator and 
vector of zoonotic diseases in Estonia. Tartu, 2017, p. 
322. Ragne Oja. Consequences of supplementary feeding of wild boar – concern 
for ground-nesting birds and endoparasite infection. Tartu, 2017, 141 p. 
323. Riin Kont. The acquisition of cellulose chain by a processive cellobio-
hydrolase. Tartu, 2017, 117 p. 
324. Liis Kasari. Plant diversity of semi-natural grasslands: drivers, current 
status and conservation challenges. Tartu, 2017, 141 p. 
325. Sirgi Saar. Belowground interactions: the roles of plant genetic related-
ness, root exudation and soil legacies. Tartu, 2017, 113 p. 
326. Sten Anslan. Molecular identification of Collembola and their fungal 
associates. Tartu, 2017, 125 p. 
327. Imre Taal. Causes of variation in littoral fish communities of the Eastern 
Baltic Sea: from community structure to individual life histories. Tartu, 
2017, 118 p. 
328. Jürgen Jalak. Dissecting the Mechanism of Enzymatic Degradation of 
Cellulose Using Low Molecular Weight Model Substrates. Tartu, 2017,  
137 p. 
329.  Kairi Kiik. Reproduction and behaviour of the endangered European mink 
(Mustela lutreola) in captivity. Tartu, 2018, 112 p. 
330. Ivan Kuprijanov. Habitat use and trophic interactions of native and 
invasive predatory macroinvertebrates in the northern Baltic Sea. Tartu, 
2018,  117 p. 
331.  Hendrik Meister. Evolutionary ecology of insect growth: from geo-
graphic patterns to biochemical trade-offs. Tartu, 2018, 147 p. 
332.  Ilja Gaidutšik. Irc3 is a mitochondrial branch migration enzyme in 
Saccharomyces cerevisiae. Tartu, 2018, 161 p. 
333. Lena Neuenkamp. The dynamics of plant and arbuscular mycorrhizal 
fungal communities in grasslands under changing land use. Tartu, 2018, 
241 p. 
334. Laura Kasak. Genome structural variation modulating the placenta and 
pregnancy maintenance. Tartu, 2018, 181 p. 
335.  Kersti Riibak. Importance of dispersal limitation in determining dark 
diversity of plants across spatial scales. Tartu, 2018, 133 p. 
336.  Liina Saar. Dynamics of grassland plant diversity in changing landscapes. 
Tartu, 2018,  206 p. 
337.  Hanna Ainelo. Fis regulates Pseudomonas putida biofilm formation by 
controlling the expression of lapA. Tartu, 2018, 143 p. 
338.  Natalia Pervjakova. Genomic imprinting in complex traits. Tartu, 2018, 
176 p. 
339. Andrio Lahesaare. The role of global regulator Fis in regulating the 
expression of lapF and the hydrophobicity of soil bacterium Pseudomonas 
putida. Tartu, 2018, 124 p. 
 
340. Märt Roosaare. K-mer based methods for the identification of bacteria 
and plasmids. Tartu, 2018, 117 p. 
341. Maria Abakumova. The relationship between competitive behaviour and 
the frequency and identity of neighbours in temperate grassland plants. 
Tartu, 2018, 104 p. 
